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About physics 


In this book, physics is divided into five main colour-coded sections, followed by 
a black and white section of general material relating to the whole subject. 


Mechanics and general physics Electricity and magnetism 


Yellow section 
Heat 


Atomic and nuclear physics 


Black and white sectio 


General material — charts and 
tables, also information on the 
treatment of experimental results. 


Physics is the study of the properties and nature of matter, the different forms of 
energy and the ways in which matter and energy interact in the world around us. 
The areas covered by the five different colour-coded sections are explained 
below. 


Physics 


Mechanics and Heat section. Explains Waves section. Look 
general physics heat energy in terms of at the properties and 
section. Covers the its measurement and effects of wave energy 
main concepts of the effects of its and examines sound, 
physics, e.g. forces, presence and electromagnetic and 
energy and the transference. Includes light waves in detail. 
properties of matter. the gas laws. 


Electricity and Atomic and nuclear 
magnetism section. physics section. 
Explains the forms, Examines atomic and 
uses and behaviour of nuclear structure and 
the two linked energy, radioactivity, 
phenomena. fission and fusion. 
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Molecules vibrate 
about mean positions, 
having molecular 
potential energy* and 
vibrational kinetic 
energy* 


Average internal 
energy* of molecule 


® Solid state. A state in whicha 
substance has a definite volume and 
shape and resists forces which try to 
change these. 


Atoms and molecules 


The Greeks believed that all matter was made up of tiny particles which 
they called atoms. This idea has since been expanded and theories such 
as the kinetic theory have been developed which can be used to explain 





e Liquid state. A state in whicha 


Represents one 


; substance flows and takes up the molecul : much less than that 
the physical nature and behaviour of substances in much greater detail. : a oe er aes needed by it to break 
M lot tes diff Satan! Th f shape of its containing vessel. It is Add Heikoua fren ieee las: 
atter can exist in three different physical states. [he state ofa between the solid and gaseous states. energy y | energy 5 ay added breaks ; 


down regular pattern — 
molecules can move 
around and thus have 
translational and 


substance depends on the nature of the substance, its temperature and 
the pressure exerted on it. Changes between states are caused by 
changes in the pressure or temperature (for more about this, see 


® Gaseous state. A state in whicha 
substance expands to fill its 


ne 















aoa f stat age 30) containing vessel. Substances in this )\ rotational kinetic 
changes of state, pag ere Atom of Atom of state have a relatively low density. ey ene 
oxygen neon (Ne) hydrogen (H) . Average internal energy 
(O) Ne mg e Gas. A substance in the gaseous of molecule just about 
© Atom. Thesmallestpartofa . state which is above its critical hai ayant tae 
substance which can exist and still | temperature and so cannot be Add Remove neighbouring molecules, 
al ; Pee ; nly to be captured b 


The internal structure of the atom is ofneon of water the pressure — the temperature must Molecules have very 


Molecule (Ne) (H,O) 
explained on pages 82-83. Atoms are of oxygen 2 be lowered first, to create a vapour. large separation — they 
extremely small, having radii of about | | melopancentl of each 





| ® Vapour. A substance in the gaseous 
| state which is below its critical 
temperature (see gas) and so 

can be turned into a liquid by an papa rae pil, a 
increase in pressure alone. break free of others. 


(Oz) 
10-*° m and masses of about 10° kg. J other - intermolecular 
They can form ions” (electrically SOPOT EE NEO 
charged particles) by the loss or gain 
of electrons* (see ionization, page 


88). 


Average internal energy 





@ Molecule. The smallest naturally- Note that many substances do not have molecules: \ The kinetic theory 
occurring particle of a substance. Ionic compound of Atomic lattice of atoms The kinetic th 
é ao — eory explains the 
Molecules can consist of any number anions" and cations* ¥ all bonded together ¥ behaviour of the Dikerais physical 


of atoms, from one (e.g. neon) to 
many thousands (e.g. proteins), all 
held together by electromagnetic cS 

forces*. All the molecules of a pure @ ~~ 

sample of a substance contain the move the least, those of liquids are 
same atoms in the same arrangement. So = oo de * Geaxilitie further apart with more energy, and 
— — those of gases are furthest apart with 
most energy. See above right. 


states in terms of the motion of 
molecules. In brief, it states that the 
molecules of solids are closest 
together, have least energy and so 








® Element. A substance which cannot 
be split into simpler substances by a 
chemical reaction, All atoms of the 
same element have the same number 
of protons" in their nuclei* (see 
atomic number, page 82). Element | ~ Element 2 hy 


¢ Brownian motion. The observed _ 
random motion of small parti cle 





® Compound. A substance whose 
molecules contain the atoms of two 
or more elements, chemically 
bonded together, and which can thus 





water or air. It supports the. 


be split into simpler substances. A aiiaet i and 9-10 Conpausict aaa theory, since it is clearly du 
mixture has no chemical bonding chemical bonding oleae bonded unseen impact with other m 
. t t & 
and is therefore not a compound. oem ; 
* Anions, Cations, 88 (Ionization); Electromagnetic force, 6; Electrons, 83; Ions, 88 (Ionization); Nucleus, Protons, 82. * Intermolecular force, 7; Internal energy, 9; Molecular potential energy, 8; Rotational, Translational and Vibrational kinetic 


energy, 9 (Kinetic energy). 








Intermolecular forces 
@ Intermolecular force. The & Sib scat Molecules 


electrically neutral 


electromagnetic force ss nll ad from a distance. 


between two molecules. The 


Forces 


A force influences the shape and 


‘ : . : : - Electrons* 
motion of an object. A single force str ength and direction of the Closer —» |. = Attraction G) ee in one 
will change its velocity (i.e. force varies with the separation ye ape op exile 
accelerate” it). Two equal and of the molecules (see picture, on of other. 

ight Repulsion —> —_ \ = 
rlg ). Electrons and nuclei repel 


opposite forces will change its 


; ‘ : each other. 
shape or size. It is a vector In-between 





























® Tension force. Equal and 





cook , , 

quantity : having both magnitude ———————— opposite forces which, when Healer! © cquiiudi athe periin 

and direction, and is measuree in ¢ Gravitational force or gravity. applied to the ends of an object, : 

newtons. The main types of force The force of attraction between increase its length. They are e Frictional force or friction. The force 

are gravitational, magnetic, any two objects which have mass resisted by the intermolecular which acts to oppose the motion of two 

electric and nuclear. See pages (see also pages 18-19). It is very force. touching surfaces over each other, caused 

104-107 for a comparison of the first small unless one of the objects is 3 at by the intermolecular force between the 

three of these. very massive. Electric force of pines cieayh abe se itil : molecules of the two surfaces. There are 
i repulsion force i farce. two types, the limiting frictional force and 






Forces are shown by arrowed lines (the length 


represents magnitude and the arrow direction). the dynamic frictional force. 


e Electric force of 
~— — attraction 
A 






@ ° ° * os » * 
Effect of F, and F, is the Limiting or static frictional force. The 

























same as F, (the resultant oy : maximum value of the frictional force 
fi F, andF th Attr acave fy ’Y Repulsive 4 
roar ee intermolecular N ieranioculat between two surfaces. It occurs when the 
ee oe eee force resists. two surfaces are on the point of sliding over 
| __ Force W resoWvee wnents. | @ Electric or electrostatic force. ¢ Compression force. Equal and each other. 
Component ~_ Ag ~ The force between two opposite forces which, when oe - 
pai Pr? ee electrically-charged particles (see applied to the ends of an object, ¢ Dynamic frictional force or sliding — 
" iG right angles to also page 56). It is repulsive if the decrease its length. They are frictional force. The value of the frictional 
— charges are the same, but opposed by the intermolecular force when one surface p te slide 
. ive i ite. force. Contact f another at constant speed. It is slightly less 
e Newton (N). The SI unit’ of force. attractive if they are opposite cepuisve Tate Hae ee o 
Is inte ul ; 
One newton is the force needed to » Blectouannetotace A ee ecular 


a a 
; Frictional force on Limiting frictional Dynamic 
stationary block force resists when frictional force 


balances applied block on point of resists when moves 


accelerate a mass of |kg by 1m s combination of the electric and 


magnetic force, which are closely 

































> Force field around Molecules of book 
* “oe: ae ee f : O : at constant speed. 
‘ i ) , sins sane TH) y related and difficult to separate. | Molecules of table To Ve ‘ 
‘ re) « / — wt 
- 
a ° 
i High density of e Magnetic force. A force between ° Contact force. The 
A fleld lines - strong two moving charges. These intermolecular force of OT OTE 
lok : - | mnlact a in 
- ~ moving charg es can be electric repulsion between the few atoms high). Surface shel 
y Z Bisel ee currents* (see also page 70) or molecules of two objects when bond to form microwelds. 
\ > a. electrons* moving around in their they touch. 
- 
Direction of field electron shells”. ® Nuclear force. The force of 





attraction between all the 
particles of an atomic nucleus 
(the protons* and neutrons”). 


© Force field. The region in whicha Parallel wires carrying current* 


force has an effect. The maximum 





aes % ue © Coefficient of friction (1). The ratio of the 





distance over which a force has an same direction opposite It prevents the electric force frictional force between two surfaces to 

effect is the range of the force. Force al citeeton of repulsion between the that pushing them together (the normal 

fields are represented by lines with force of A Magnetic Be protons from pushing the contact force). There are two values, the 
: attractio . ° < es ° ° 

arrows to show their strength and enreeven re nucleus apart (see also page 84). coefficient of limiting friction and the 


direction (see also pages 58 and 72). coefficient of dynamic friction. 


* Acceleration, 1]; Current, 60; Electrons, Electron shells, 83; SI units, 96; Vector quantity, 108. * Electrons, 83; Neutrons, Nucleus, Protons, 82. 


Energy 


Work is done when a force moves an 


object. Energy is the capacity to do work. 
When work is done on or by an object, it 
gains or loses energy respectively. Energy 


exists in many different forms and can 
change between them (energy 
conversion or transformation), but 


cannot be created or destroyed (law of 
conservation of energy). The SI unit* of 


energy and work is the joule (J). 


e Potential energy (P.E.). The energy 
of an object due to its position ina 
force field*, which it has because ie 
work has been done to put it in that 
position. The energy has been “stored 
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Gravitational potential energy 
taken as zero at ground level. 


e Electromagnetic potential energy. 
The potential energy associated with 


e Elastic potential energy or strain be 
energy. An example of the molecular 
potential energy, stored as a result of 
stretching or compressing an object. 

It is the work done against the 
intermolecular force". 


e Molecular potential energy. The 
electromagnetic potential energy 
associated with the position of 
molecules relative to one another. It is 
increased when work is done against 
the intermolecular force”. 


e Chemical energy. Energy stored in 
substances such as fuels, food, and 
chemicals in batteries. It is released 
during chemical reactions, e.g. as 













Component of 
W in direction 
of motion is F 


Work done on 


car — energy 
increases 







Work done 
by person — 
energy decreases 


up”. The three forms of potential 
energy are gravitational potential 
energy, electromagnetic potential 
energy and nuclear potential energy 
(depending on the force involved). 


_| e Gravitational potential energy. The 


potential energy associated with the 

position of an object relative to a mass 

which exerts a gravitational force* 

on it. If the object is moved further 

from the mass (e.g. an object being 

lifted on the earth), work is done on 
the body and its gravitational potential 

energy is raised. 


the position of a body in a force field* 
created by an electromagnetic force”. . 











Elastic potential energy 
stored when rod bent. 


Tension force” in top of 
Attraction between particles 
(see intermolecular force, 


page 7). Molecular potential 
energy stored. 


Compression force 
in bottom 


Repulsion between 

particles (see intermolecular 
force, page 7). Molecular 
potential energy stored. 
heat when a fuel burns, when the 
electromagnetic potential energy of 


the atoms and molecules changes. 


* Acceleration due to gravity, 18; Compression force, 7; Electromagnetic force, Force field, Gravitational force, 6; 


Intermolecular force, 7; SI units, 96; Tension force, 7. 


e Kinetic energy PF Kinetic energy of 


two objects linked 


e Nuclear potential 


Translational 





energy. The (K.E.). The energy  pyspring 
potential energy associated with 

stored in an movement. It 

atomic nucleus*.It takes the form of 

is released during translational, 

radioactive rotational and 

decay™. vibrational energy. 


Vibrational —> { 


Rotational 

Mechanical energy of pendulum constant (if Z 

resistive forces neglected). 4 Mechanical energy. The sum of the 
——@ see kinetic energy and gravitational 


potential energy of an object. 


e Internal or thermal energy. The sum 
of the kinetic energy and the 


PSS eae Pl Sham Rn gaa ES ie 












Kinetic 










ad aa All kinetic molecular potential energy of each 

gravitation poten energy energy to ‘ . 

potential energy to (gravitational gravitational molecule in an object. If the 

energy kinetic potential potential temperature of an object increases, so 

energy energy taken energy AS 
as zero here) does its internal energy. 
e Heat energy or heat. The energy v 
: Internal Internal Internal energy 

which flows from one place to another aaa ae ea a 
because of a difference in decreases increases molecular: 
temperature (see pages 28-33). When Translational kinetic 


energy 


heat energy is absorbed by an object, 
its internal energy increases. 


® Wave energy. The energy associated 
with wave action. For example, the 
energy of a water wave consists of the 
gravitational potential energy and 
kinetic energy of the water molecules. _ 


e Electric and magnetic energy. The 
types of energy associated with 
electric charge and moving electric 
charge (current). They are collectively 
referred to as electromagnetic energy. » Power. The rate of doing work or the ~ 

e Radiation. Any energy in the form of rate of change of energy. The SI unit* 
electromagnetic waves* or streams of power is the watt (W), which is 

of particles. See also pages 28 and 86-87. equal to 1 joule per Becong. 


rr itentcemacccnce pees 


Rotational 
kinetic energy 


om 


Vibrational kinetic . 
and potential 
energy 


High 
temperature 


Low 
temperature 














Generator 


Kinetic energy 
to electric 
energy 














Turbines 


Internal energy 
of steam to 
kinetic energy 
(rotational) of 


Furnace 


Chemical 
energy to 
internal 
















* Electromagnetic waves, 44; Nucleus, 82; Radioactive decay, 87; SI units, 96. 











Relative velocity 
of B (seen from A) 
70ms 'to left. 


40ms ' 


Motion 


Motion is the change in position and orientation of 
an object. The motion of a rigid object (one which 
does not change shape) is made up of 
translational motion, or translation, i.e. 
movement of the centre of mass from one place to 


Satellite spinning in orbit ® Relative velocity. The velocity which an 


object appears to have when seen by an 
observer who may be moving. This is cae 
known as the velocity of the object 3 


relative to the observer. Relative velocity 
of A (seen from B) 


= 70ms_' to right. 








Rotational motion 
(motion around 
centre of mass) 


e Acceleration. The change of velocity of 


: . : , Translational ; Sis (a: ad : 
another and rotational motion, or rotation, i.e. motion (motion ae object in a certain time. It is a vector 
of centre of quantity*. An object accelerates if its 


movement around its centre of mass. The study of 


eT ; : mass) speed changes (the usual case in li 
the motion of points is called kinematics. P ges ( in linear 


Linear motion 


Linear or rectilinear motion is 
movement in a straight line and is the 
simplest form of translational motion 
(see introduction). The linear motion 
of any rigid object is described as the 
motion of its centre of mass. 


e Centre of mass. The point which acts 
as though the total mass of the object 
were at that point. 
The centre of 


Centre of mass of 
uniform disc is in __ 















@ Speed. The distance an object travels 
in a certain length of time. If the speed 
of an object is constant, it is said to be 
moving with uniform speed. The 
average speed of an object over a 
time interval is the distance travelled 
by the object divided by the time 
interval. The instantaneous speed is 
the speed at any moment. 


Train travels from A to 
















motion) or its direction of travel changes 
(the usual case in circular motion”*). 
Deceleration in one direction is 
acceleration in the opposite direction to 
the motion (negative acceleration). An 
object whose velocity is changing the 
same amount in equal amounts of time is 
moving with uniform acceleration. 


Graphs of velocity against time 



















accelerated motion. Equations 
which are used in calculations 
involving linear motion with 
uniform acceleration. A sign 
convention must be used. The 
equations use displacement, 
not distance, so changes of 
direction must be considered. 











ae C (100 km) in two Si mt 
mass of a rigid ass hours, stoppingatB. Bg gn convention Right chosen as positive 
object (see _” — + 
. . ey Instantaneous 
introduction) IS in a speed at B = 0 | SER ee ee ee ee oe e Dianlacement 0 
the same position | ye is ae ° Average 100km Distance travelled in equal Distance increases, remains 
as its centre of bad [mass always | 3 speed _2hrs _ time intervals increases. constant, then decreases. i ipelie sister 
i ‘| under point Nikeeete ne : a - 7 aceon displacement 
gravity (the point Wid of suspension) > - = 50kmh“' BO D- > GEQOO GLH | 
through whichthe ~, re : : 
evthin @ Velocity. The speed and direction of | 
oy Centre of mass Ye an object (i.e. its displacement in a Object _ 
gravitational force io always in ++ )| giventime). Itis a vector quantity’. ‘ : moving to left - Object 
acts on the object, | 4 ' ; Rotational motion has negative moving to 
object) Sey Uniform velocity, average velocity velocity. right has 
: and instantaneous velocity are all Rotational motion is the movement of an Scie 
e Displacement. The distance and defined in a similar way to uniform object about its centre of mass. In eee a. 
direction of an object from a fixed speed etc. (see speed). rotational motion, each part of the object becoming _» Velocity 
reference point. It is a vector | a moves along a different path, so that the Soi _ ae more 
quantity". The position of an object object cannot be considered as a whole in positive Assails s acceleration 
be er by its displacement calculations. It must be split into small — (deceleration). — 
ecilie int. ° . | 
rom 6 Spec point Displacement of teal and ene . pu Te Sign convention. A method 
C1 _ yacht = 200m circular motion Object splitinto 4 : « ti LL 
Reference 2 LL. — ty ~ north f hoi small pieces for £ Oe used to distinguish between 
point \. fan v , ofeach piece must calculating % motion in opposite directions. 
| Direction Distance be considered ee One direction is chosen as 
/ separately. From positive, and the other is then 








this, the overall : | of m, 
motion of the 
object can be seen. 


* Circular motion, 17; 
Vector quantity, 108. 





negative. The sign convention 
must be used when using the 
equations of motion (see above). 


© Equations of uniformly 
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e Newton’s laws of motion. Three laws 
formulated by Newton in the late 
1770’s which relate force and motion. 


Object at rest o 


Force exerted 


Dynamics 


Dynamics is the study of the 
relationship between the motion 
of an object and the forces 

acting on it. A single force on an 
object causes it to change speed 
and/or direction (i.e. accelerate“). 
If two or more forces act and 
there is no resultant force, the 
object does not accelerate, but 
changes shape. 


Two equal but opposite > 
forces. No resultant 

force — no acceleration, 
but rope stretches. 


Spacecraft out of 
reach of earth’s 
gravitational pull — 
no forces act. 

















No resultant force — 
constant velocity 


Forces on object equal — no 
resultant force, hence no 
acceleration. 








® Newton’s first law. If an object is at 
rest, or if its speed and direction are 
constant, then the resultant force on it 
is zero. 


@ Forces not equal. Rope 
still stretches, but also 
accelerates to left due 
to resultant force. 


® Impulse. The force acting on an 
object multiplied by the time for 
which the force acts. From Newton’s 
second law, impulse is equal to the 
change in momentum of an object. 
An equal change in momentum can 
be achieved by a small force fora 
long time or a large force for a short 


“Crumple zone” 
increases 

collision time — 
force is smaller. 


e Mass. A measurement of the inertia 
of an object. The force needed to 
accelerate an object by a given 
amount depends on its mass — a larger 
mass needs. a larger force. 


@ Inertia. The tendency of an object to 
resist a change of velocity (i.e. to 
resist a force trying to accelerate it). It time. 

is measured as mass. Ship has much greater 

inertia (and therefore 
mass) than boat — much 
larger force needed to 
accelerate it, 











Since force is rate of change of 
momentum (see Newton’s 
second law) then: 


@ Momentum, The mass of an object 
multiplied by its velocity. Since 
velocity is a vector quantity“, so is 
momentum. See also law of 





\ Winaeastensascceenennarcsimmenet J 


@ Collision. An occurrence which 
results in two or more objects 
exerting forces on each other. This is 
not the everyday idea of a collision, 
because the objects do not 
necessarily have to be in contact. 


conservation of linear momentum. 





* Acceleration, 11; Vector quantity, 108. 


® Newton’s second law. If 
the momentum of an 
object changes, i.e. if it 
accelerates, then there 
must be a resultant force 
acting on it. Normally, the 
mass of the object is 
constant, and the force is 
thus proportional to the 
acceleration of the object. 
The direction of the 
acceleration is the same as 
the direction of the force. 


At saa 


Racket exerts force 
on ball, 
acceleratingitin 
opposite direction. ~* 





mass X acceleration = 


varanasi, If mass remains 
constant (as here), then: 


Example: tennis ball (mass 0.05kg) Note movement to right considered 
hit by racket undergoes change of 


as positive (see sign convention, 


momentum. Resultant force found page 1]) 
as follows: 


ie (ie. to left) Kea” 
change inmomentum — (0.05 x 20)-—(0.05 x —10) a 





time 0.01 
— mass X change in velocity 
. time 
0.05 x 30 


sa ee = 150N 
0.01 me 


and opposite pairs called the action and reaction. 


Ball exerts equal 

and opposite force Ss 
on racket (felt as 
sudden slowing 

down of racket). 


Thus if object A exerts a force on object B, object B 
exerts an equal but opposite force on A. These 
forces do not cancel each other out, as they act on 


different objects. 





e Law of conservation of linear » 
momentum. When two or more 
objects exert forces on each other 
(are in collision), their total 
momentum remains constant, 
provided no external forces act. If the 
time for the collision is very small and 
the system is considered just before 
and just after the collision, forces such 
as friction can be ignored. 

Rocket engine 









Air taken 
in and 


Oxygen 


et engine 
Combustion j si 


chamber 









Stream of gas — 
momentum is 
conserved so 
engines gain same 
amount of momentum 
as gas, but in opposite direction. 






Fuel burnt. 


A 
® Jet engine. An engine in which air is 
drawn in at the front to burn fuel, 
producing a high velocity jet of gas. 
The principle is the same as that for 


compressed. 


m, a before collision im, 








Total momentum = = (m,+m,)v = mu 


Mass increases - velocity decreases to conserve momentum. 


<¢@ Rocket engine. An engine which 


produces a high velocity stream of 
gas through a nozzle by burning fuel 
held on board. The mass of gas is 
small, but its high velocity means it 
has a high momentum. The rocket 
gains an equal amount of momentum 
in the opposite direction (see law of 
conservation of linear momentum). 
Rocket engines are used in space 
because other engines require air. 


the rocket engine, except that the gas 
is produced differently and the 
engine cannot be used in space 
because it requires air. 
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Turning forces 


A single force produces an acceleration* (see dynamics, page 12). In 


linear motion* 


, tis a linear acceleration. In rotational motion”, 


angular acceleration* (spinning faster or slower) is caused by a turning 
force or moment acting away from the axis of rotation (the fulcrum). 


@ Moment or torque. A measure 
of the ability of a force to rotate 
an object about an axis (the 
fulcrum). It is the size of the 
force multiplied by the 
perpendicular distance from the 
axis to the line along which the 
force acts (see diagram, right). 
The SI unit* of moment is the 
Newton metre (N m). 


Balanced weighing machine in rotational equilibrium 





Wy 


d,,) — (W, x do) = 


Equal and opposite 
forces (a couple) 
on a steering wheel 
cause it to turn. 


In this case, one 
force applied to 
wheel ~ other is 
reaction of steering 
column. 





Moment of couple ~ I, xd, 
Moment of couple © F, x dy 
Equilibrium 


When an object is not accelerating, 
then the resultant force (the combined 
effect of all the forces acting on it) is 
zero and it is said to be in 
equilibrium. It can be in linear 
equilibrium (i.e. the centre of mass* 






Taking clockwise as positive, the resultant 
moment about F when balanced is + (W, x 








When considering moments, the 
axis about which they are taken 
must be stated and a sign 
convention* must be used to 
distinguish between clockwise 
and anti-clockwise moments. 
The resultant moment is the 
single moment which has the 
same effect as all the individual 
momenis acting. 


® Couple. Two parallel forces which 
are equal and opposite but do not act 
along the same line. They produce a 
turning effect only, with no resultant 
translational motion* (movement of 
the centre of mass“). The resultant 
moment produced by a couple is the 
sum of the moments produced and 
works out to be the perpendicular 
distance between the lines along 
which the forces act, multiplied by the 
size of the forces. 


is not accelerating) and/or rotational 
equilibrium (i.e. not accelerating 
about the centre of mass). In addition, 
both cases of equilibrium are either 
static (not moving) or dynamic 
(moving). 


* Acceleration, 1]; Angular acceleration, 17; Centre of mass, 10; Linear motion, 10; Rotational motion, Sign convention, 11; SI units, 


96; Translational motion, 10. 





@ Linear equilibrium. The state of 
an object when there is no 
acceleration of its centre of mass”%, 
i.e. its speed and direction of 
motion do not change. The 
resultant force on the object when 
it is in linear equilibrium must be 
zero (see also Newton’s third law, 
page 13). 


object when there is no angular 
acceleration”, i.e. it spins at constant 
angular velocity*. If an object is in 
rotational equilibrium, the resultant 


moment (see moment) about any axis is 


zero. This is known as the principle of 
moments. 
Slightly-tilted — 

















to level. 


Reaction of 
ground 


Vertical line 
through centre of 
mass* passes 
through base. 


Vertical line 
outside base 


Stable equilibrium. A 
state in which an object 
moved a small distance 
from its equilibrium 
position returns to that — 
position. This happens if 
the centre of mass” is 
raised when the object 
is moved. 


Low centre of mass* Centre of Centre of 


due to weight at bottom mass raised mass* high © 


Weigltt And reaction of ground’ 


form) @euple to turn toy upright. which turns toy 


Rotational equilibrium. The state ofan p 


L=WandD=T 
Lift L No resultant force 


Aircraft in flight in > 
dynamic linear 
equilibrium and 
static rotational 
equilibrium — 
constant speed in 
straight line 






Aircraft on ground >» 
in static 


rotational) 





Beam in static rotational equilibrium, 
since 800 x 1 = 400 x2 


Toppling — couple, 


couple will return it yo aca ee Toppling. A condition 


which occurs if the vertical 
line through the centre of 


A low centre of mass” of an object does 


ie not pass through the base 
make a racing of the object. If this occurs, 


Car very stable. 







a couple of the weight and 
reaction rotates the object 
further over (see diagram, 
left). 


® Unstable equilibrium.A ¢ Neutral e r 
- state in which an object 

moved a small distance 

from its equilibrium _ 

position moves further __ 

from that position. This _ : 


the object i is moved. 


Contre of _. 


‘Cente ohn mass _ 
: mass*incentre _ 


lowered : 


ae me: 


ad 


Weight and reaction torn cae” 


further over. — 





' Angular acceleration, Angular velocity, 17; Centre of mass, 10; Drag, 19 (Terminal velocity). 


























Periodic motion 


Periodic motion is any motion which repeats itself exactly at regular 
intervals. Examples of periodic motion are objects moving in a circle 
(circular motion), the swing of a pendulum and the vibration of 
molecules. Wave motion* consists of the periodic motion of particles or 
fields. 
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e Mean position. The position about 
which an object oscillates, and at 


* Cycle. Then movement sien a 
point during a motion and the same 
point when the motion repeats. For which it comes to rest after oscillating, 
example, one rotation of a spinning e.g. the mean position of a pendulum 
object. is when it is vertical. The position of 
zero displacement of an oscillating 


® Oscillation. Periodic motion between particle is usually taken as this point. 


two extremes, e.g. a mass moving up 
and down on the end ofaspring. Inan » Amplitude. The maximum 


oscillating system, there is a displacement of an oscillating 
continuous change between kinetic particle from its mean position. 


energy* and potential energy*. The 
total energy of a system (sum of its 
kinetic and potential energy) remains 
constant if there is no damping . 


@ Damping. The process whereby 
oscillations die down due to a loss of 
energy, e.g. shock absorbers in cars 
cause oscillations to die down after a 


© Period (T). The time taken to 
car has gone over a bump. 


complete one cycle of a motion, e.g. 
the period of rotation of the earth 
about its axis is 24 hours. 


Damping in an oscillating system 


Disp acqment | ) | \ Stig idht dampi g- amplitu ‘ 
| Pane ae decreases se} s a 
e Frequency (f). The number of cycles 1\Y won| _f 
of a particular motion in one second. 
The SI unit* of frequency is the Hertz 
(Hz), which 
is equal to 
one cycle 


serve a nen serena tpnaricoser 





Disp acement | 


ae ke fa (e) L -dbor) 
ie | 


i 
per second. en eB GAL 3 doa B Pore 4 


‘ 

| 
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* Kinetic energy, 9; Potential energy, 8; SI units, 96; Wave motion, 34. 


e Natural or free oscillation. The oscillation of a 











Natural oscillation 


system when left after being given a start. The 
period and frequency of the system are called the Sanaa 
natural period and natural frequency (these remain natural 





f 
the same as long as the damping is not too great). ___ ater being » 
released. 
e Forced oscillation. The oscillation ofa eal — : 


Driving force is person 
pushing at bottom of 
swing. 


system when given a repeated driving 
force (a force applied to the system) at 
regular intervals. The system is made to 
oscillate at the frequency of the driving a 
force, irrespective of its natural frequency. { 


)¢ Frequency is that 
of pushing person — 
” amplitude constant 
and small. 
e Resonance. The effect exhibited 
by a system in which the 
frequency of the driving force (a - | 
force applied to the system) is nee ~ a 
about the same as the natural of swing. 
frequency of the system. The 
system then has a large amplitude. 


oe Speed round circle constant. 


. Object takes time t to 
move through angle 8. 


Angular velocity is a Uniform circular motion is the motion of an 
— oo object in a circle at constant speed. Since the 
mov: ou er e ‘ i 
~ second. It is vessured Girection (and therefore the velocity) : 
inradians persecond. Ghanges, the object is constantly accelerating 
Angular velocity = 8 towards the centre (centripetal 
acceleration), and so there is a force acting 
Angular acceleration involves a change in : : 
anqular velocity (i.e. speed round circle changes). towards the centre. Circular motion can be 


oo Constant speed considered in terms of angular velocity. 


Amplitude increases — 
resonance OCCUuIS. 


Circular motion 





Dy J a e Centripetal acceleration 

Y \ Direction of (a). The acceleration of an 

centripetal : : : : 
— acceleration object in circular motion 
(and : 
S iiectal (see above) acting towards 
force) the centre of the circle. 
Velocity at B 





Centripetal force to 
move person in circle 
applied by seat. 


e Centripetal force. The force which 
acts on an object towards the centre 
of a circle to produce centripetal 
acceleration, and so keeps the object 
moving ina circle. 


e Centrifugal force. The equal and 
opposite reaction (see Newton’s 
second law, page 13) to the 

R al 
centripetal force. Note that it does eu 
not act onthe object movinginthe re) 

circle and is not considered. 





ay 





























Gravitation 


Gravitation is the effect of the gravitational force* of attraction (see also 
page 104) which acts between all objects in the universe. It is noticed with 
massive objects like the planets, which remain in orbit because of it. The 
gravitational force between an object and a planet, which pulls the object 
downwards, is called the weight of the object. 







e Newton’s law of gravitation. States 
that there is a gravitational force of 
attraction between any two objects 
with mass which depends on their 
masses and the distance between 
them. The gravitational constant (G) 
has a value of 6.7x 10° '! Nm’? kg % 
and its small value means that 
gravitational forces are negligible 
unless one of the masses is very large. 


© Weight. The gravitational pull of a - © Acceleration due to gravity (g). The 
massive object (e.g. a planet) on '  acceleration* produced by the 
another object. The weight of an | gravitational force of attraction. Its 
isnot constant, butdependson | value is the same for any mass at a 
‘a rom, and mass of the | given place. It is about 9.8 ms “on 
| planet. Hence, although themassofan| the earth’s surface, and decreases 
_ object is independent of: its ied _| above the surface according to 






its weight is not. | | Newton’s law of gravitation. The 
Sa iy Gace _ value of 9.8 ms? is used as a unit of 
eight of mass o g 4. 

alters with position: machines actually acceleration (the g-force). 

measure the force _ 

exertedonthem, | 

Onsurface ofmoon __ but the scale i Object (mass m) 
! “wansiates” oe eo.) 









( r 
earth), weight = 
160, We 












From Newton’s law of 
gravitation and 
Newton’s second law”: 


Force on mass (=mg) 


Mm 
d* 





Pilots experience high 
g-forces (e.g. 5g — five 










So acceleration due to piscine hes pes 
ee which can lead to 
M blackout. 
g G a 





Wo P Ll“. 2 th 


18 * Acceleration, |]; Gravitational force, 6; Newton’s second law, 13. 








® Terminal velocity. The resistance due to the air 





e Escape velocity. The minimum velocity at which 





* Free fall, The unrestricted motion of 
















Parachute 
accelerates* to 
reach terminal 
velocity. 


eWeightlessness.The  — 
state in which an object | 
does not exert any force 

its ee 






Just after released, 
velocity = 0, so 
drag = 0and 
acceleration = g. 









Force down 














= weight. Parachute 
open, drag 
Velocity increases, At terminal much greater, 
drag increases, velocity, dragsame terminal : oe 
accelerationless as weight, velocity less. |Ser ee 
than g. acceleration = 0. a- —s 


maximum, constant or liquid (drag) 

velocity reached by an increases. Eventually, 
object falling through a the drag becomes equal 
gas or liquid. As the to the weight of the 
velocity increases, the object. 


an object must travel in order to escape the 
gravitational pull of a planet without further 
propulsion. It is about 40000 km h~! on earth. 


| © Geo-stationary or parking orbit. The 
path of a satellite which orbits the 

earth in the same direction as the 
rotation of the earth so that it stays. 
above the same place on the surface 

' all the time. The satellite is said to 
Planet's surface falls away 1] have a period” of 24 hours. | 

















Satellite in geo- 

stationary ——__-», 

orbit above a 

point P Communications 
sent between 
points in this area 
by bouncing them 
off the satellite. 





an object when it is acted upon only 
by the gravitational force (i.e. when 
there are no resistive or other forces 
acting, @.q, air resistance). 












* ARepeteration, ||, Period, 16 
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Machines 


A machine is a device which is 
used to overcome a force called 

the load. This force is applied at <a. 
one point and the machine works machine. 

by the application of another force 










Force needed is the 
effort. 


Useless load is friction | 


: in pulley wheels and 

called the effort at a different [ROD] force needed to raise | 
. Force overcome is ' bottom pulley — 
point. For example, a small effort the load (in this — a perfect 
case, the weight of machine if pulley is 

exerted on the rope of a pulley tea ckiake aa 
overcomes the weight of the object 
being raised by the pulley. 


@ Perfect machine. A theoretical 
machine, with a useless load of zero. © Useless load. The force needed to 
Machines in which the useless load is overcome the frictional forces* 
negligible compared to the load can between the moving parts of a machine 
be considered as perfect machines. and to raise any of its moving parts. 


@ Mechanical advantage as -s 
(M.A.). The load divided —] | | 
by the effort. A mechanical 
advantage greater than 
one means that the load 
overcome is greater than Load (L) 
the effort. The mechanical 
advantage of a perfect 
machine is always the 
same; that of any given 
real machine increases 
slightly with load because Pheer beans hat 


useless load becomes Bl D Viekoupu=’ ’ seaeten moves 


negligible as load increases. edbyload = Lxd 
“ (di) ror one further than the load. 


effort (d_) 


The distance moved 
by the effort divided 


- Work input = : 
ee de by the distance 


UUPLEELLLELLL UL bE EEULELL 


® Velocity ratio (V.R.). 


moved by the load. It 
has no units. A | 
velocity ratio greater | - 


e Efficiency. The work done 
(force x distance — see page 8) 
on the load (work output) 


divided by the work done by the 7 
effort (work input), expressed i 

as a percentage. All real . = MA. x o> x 100 
machines have an efficiency of 


less than 100% due to useless 
load. Perfect machines are Dales machine (100% 
100% efficient. ” f 


* Frictional force, 7. 








Examples of machines 


Hydraulic press 
























xX) Xo 
~ Velocity ratio is worked 
equilibrium’: out by considering 
— oe moments* and assuming 
L Xx ay = =x Xo M.A. = V.R. (see 
Valve closed during Volume of liquid moved efficiency). 
operation — opened to =axdp=Axd,so L Xp 
release pressure V.R. (d_/d,) = A/a ee = E x 























e Hydraulic press. A large and small 
cylinder connected by a pipe and 
filled with fluid, used to produce large 
forces. 


X2 
Thus V.R. = — be >| 
mi X) Xp 
e Lever. Any rigid object which is 
pivoted about an axis called the 
fulcrum (F). The load and effort can 
be applied on either or the same side. 














Pulley systems Multiple pulley 
system (block 
and tackle) 














Gear 













Driving Driven wheel 


Effort and load wheel 


move the same 
distance, so 
V.R. = 1. 


X 












Twice as many 
teeth on the driven 
wheel means the 
driving wheel must 
rotate twice as 
many times. 





Single 
pulley 
system 














E 
So V.R. = number 
of teeth on driven 
wheel / number of 
teeth on driving 
wheel. 












L 


Four ropes must be shortened to 
raise the load, so the rope must 
be pulled four times as far as the E 
load moves, i.e. V.R. = 4. So V.R. 

number of ropes holding up 
moving pulleys. 







Shafts of same diameter 










@ Gear. A combination of toothed wheels 
used to transmit motion between 

e Pulley system. A wheel (or rotating shafts. 

combination of wheels) and a rope, 


belt or chain which transmits motion. 








Screw jack 


Inclined plane 


One revolution of handle 
(effort moves in circle 

radius 1) raisesload bythe , 
pitch. 





















® Screw jack. A system in which a screw 
thread is turned to raise a load (e.g. a 
car jack). The pitch is the distance 

between each thread on the screw. 


Inclined plane. A plane surface at an 
angle to the horizontal. It is easier to 
move an object up an inclined plane 
than to move it vertically upwards. 









* Equilibrium, Moment, 14. 
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Molecular properties 


There are a number of properties of matter which can be explained in 
terms of the behaviour of molecules, in particular their behaviour due to 
the action of the forces between them (intermolecular forces*). Among 
these properties, and explained below, are elasticity, surface tension 


and viscosity. See also pages 4-5 and 24-25. 


e Elasticity. The ability of a material to 


return to its original shape and size 
after distorting forces (i.e. tension or 
compression forces*) have been 
removed. Materials which have this 
ability are elastic; those which do not 
are plastic. Elasticity is a result of 
intermolecular forces* — if an object 
is stretched or compressed, its 
molecules move further apart or 
closer together respectively. This 
results in a force of attraction (in the 
first case) or repulsion (in the 
second), so the molecules return to 
their average separation when the 
distorting force is removed. This 


® Hooke’s law. States that, whena p> 


distorting force is applied to an 
object, the strain is proportional 
to the stress (see diagram 
below). As the strength of the 
force increases, though, the 
limit of proportionality (or 
proportional limit) is reached, 
after which Hooke’s law is no 
longer true (see graph, page 23). 


Piece of wire under alg 
extension / 






Strain is stated 
as change in 
length per unit 
length. 


Stress is stated 
as force 
applied per 
unit area. 





Balloon is elastic 
(returns to original 
shape after 












stretching). 






(seal leaves 
permanent 
impression). 
always be while the strength of 
the force is below a certain level 
(different for each material), but all 
elastic materials finally become 
plastic if it exceeds this level (see 
elastic limit and yield point). 


Spring balance Scale calibrated* so 
uses Hooke’s that length of spring 

law to measure gives size of force in 
force. Spring is newtons”*. 

extended in 

proportion to 

force applied. 


strain (see below 
left) is always same 
figure for a given 
material (Young’s 
modulus — see page 
112) until limit of 
proportionality is 
reached. 


@ Elastic limit. The point, just after the limit of 
proportionality (see Hooke’s law), beyond 
which an object ceases to be elastic, in the 
sense that it does not return to its original 
shape arid size when the distorting force is 
removed. It does return to a similar shape and 
size, but has suffered a permanent strain (it 
will continue to return to this new form if 
forces are applied, i.e. it stays elastic in this 
sense). The yield stress of a material is the 
value of the stress at its elastic limit. See 
graph, page 23. 


* Calibration, 344; Compression force, Intermolecular force, 7; Newton, 6; Tension force, 7. 


Cool wax is plastic 


e Yield point. The point, just after the 
elastic limit, at which a distorting 
force causes a major change ina 
material. In a ductile* material, the 
internal structure changes — bonds 
between molecular layers break and 
the layers flow over each other. This 
change is called plastic deformation. 


Stress/strain graph fora 
ductile* material (see yield 
point) 


(the material becomes plastic). It 
continues as the force increases, and 
the material will eventually break. A 
brittle material, by contrast, will 
break at the yield point. The yield 
value of a material is the value of the 
stress at its yield point. 





@ Viscosity. The ease of flow of a fluid. 
It depends on the strength of the 
frictional force* between different 
layers of molecules as they slide over 
each other. 


Syrup — very 
viscous. Moves 


Outer layers slowed 
by frictional force* 
between them and 
sides of container. 
.Working inwards, 















faster in water than 
syrup. 


Velocity 
Water — not very profiles 


viscous. Moves 
rapidly. 






* Ductile, 344; Frictional force, Intermolecular force, 7; Meniscus, 345. 


friction gradually loses 
effect. Effect lost much 



















. | ence tension. The skin-like 


Pra a ft mT 
MA 


Droplet caused by surface tension. 


e Adhesion. An intermolecular 
force* of attraction betwe n 


Density 


The density (p) of an object 
depends on both the mass of its 
molecules and its volume (see 





formula, right). For example, if one Object A. Heavy Object B Light 
: : molecules, closely molecules, widely 
substance has a higher density packed. Higher density spaced. Lower density. 


than another, then the same 
volumes of the substances have 
different masses (the first greater 





=> Hence m= pxv 


v is the same for objects A 
and B, so object A has 





than the second). Similarly, the greater mass. 
same masses have different volumes. The SI unit* of density is the kg m~* 
® Relative density or specific ® Density bottle. A container which, when | 
gravity. The density of a completely full, holds a precisely measured A 
substance relative to the density volume of liquid (at 
of water (which is 1000 kg m“°). constant Density bottle __» 
It indicates how much more or temperature). It is Fine bore tube 
less dense than water a used to measure the ony wee 
substance is, so the figures need density of liquids (by __ stopper. Bottle 
no units, e.g. 1.5 (one and a half measuringthemass  jheneq | 
times as dense). It is found by of the bottle and excess liquid 
dividing the mass of any volume liquid, subtracting or een hen 
of a substance by the mass of an the mass ofthe bottle cut— ensures 
i ance same volume 
equal volume of water. and dividing by the each time. 
volume of liquid). 





e Eureka can. A can used 
to measure the volume Pressure 


The SI unit* of 
; : ‘ pressure is the 
of a solid object with an Pressure is the force, pascal (Pa). 
















irregular shape, in acting at right angles, The greater the area over 
order to calculate its exerted by a solid, liquid ON inde ararcceg 
density. The volume of or gas on unit area ofa Weight of air molecules 
water displaced is substance (solid, liquid above earth (force) 
creates atmospheric 
equal to the volume of or gas). i y pressure. So the fewer 
the object. The density The greater the force on f = 2 ere _ adie 4d 
of the object is its mass a fixed area, the greater i wer the pressure. 
ae the pressure. yi AL.% ? 

divided by this volume. Gag ee kt 

<2 a Eureka can 

| Water up to % ) 








here before 
object put in 


Measuring 
cylinder 


Snow shoes increase area, 
Displaced weight (force) the same, so 
water pressure decreases (feet 
do not sink into snow). 
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material is average density of different materials). See below. 





@ Barometer. An 








Objects in fluids 


An object in a fluid experiences an upward force 
called the upthrust. According to Archimedes’ 
principle, this is equal to the weight of the fluid the 
object displaces. The principle of flotation further 
states that, if the object is floating, the weight of 
displaced fluid (upthrust) is equal to its own weight 
(floating here means stationary at any point in the 
fluid). It can be shown (see below) that whether an 
object sinks, rises or floats in a fluid depends 
entirely on density. 


Submarines demonstrate two principles above right. Altering air/water mix 
in ballast tanks alters density (density of object made of more than one 


Simple barometer 
Torricellian vacuum 











instrument used to (no pressure acting 
measure OO one. 

‘ Atmospheric pressure 
atmospheric = 760 mm of mercury 
pressure (see picture, Atmospheric pressure 


left). There are several 





Fixed diameter 
common types. tube 
a e Manometer. A U-shaped 


Atmospheric 


pressure tube containing a 


liquid. It is used to 
measure difference in 


fluid pressures. 
Atmospheric 
Gas es pressure v 
| i-— — 
Pressures at x, and x, (same i] , 
level) must be the same 'L Gas 
|/|_ pressure h 
So pressure of gas = | 
pressure at x, y 
XxX} ——bJ—- —- —-—- — — — — — — X 
= atmospheric pressure + 


pressure of liquid h 


* Calibration, 344. 


















e Hydrometer or 
























aerometer. An 
instrument which 
measures the density of 
a liquid by the level at 
which it floats in that 
liquid. If the liquid is 
very dense, the 
hydrometer floats near 
the surface, as only a 
small volume of liquid 
need be displaced to 
equal the weight of the 
hydrometer. 


Pe) 
Hydrometer ——» | i 


Scale may be calibrated* 
to read density or relative 
density directly. 


Hollow tube 


Weight to keep 
hydrometer 
upright. 
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Temperature 


The temperature of an object is a measurement of how hot the object is. 


It is measured using thermometers 


which can be calibrated* to show a 


number of different temperature scales. The internationally accepted 
scales are the absolute temperature scale and the Celsius scale. 


Thermometer. An instrument used to 
measure temperature. There are 
many different types and they all 
work by measuring a property which 
changes with temperature — a 
thermometric property. Liquid-in- 
glass thermometers, for example, 
measure the volume of a liquid (they 
are calibrated” so that increases in 
volume mark rises in temperature). 


Liquid-in-glass thermometer. A 
common type of thermometer which 
measures temperature by the 
expansion of a liquid in a fine bore 
glass tube (capillary tube). A glass 
bulb holds a reservoir of the liquid, 
which is usually either mercury or 
coloured alcohol. These are very 
responsive to temperature change — 


mercury is used for higher temperature 


ranges and alcohol for lower ones. 


Using fixed points to calibrate* the Celsius scale ona 
thermometer. 







Upper fixed point 


Hypsometer ———_, 
(double-walled 
copper vessel) 


ee Position of end of 
mercury thread 
marked as 100°C. 


Manometer* — 
measures steam 
pressure (should 


Clinical thermometer (type of 
liquid-in-glass thermometer). 
Used to measure body 
temperature, so has relatively small 
temperature range with 
intermediate graduations for 
accurate readings. 


Scale OF 





































usuall : 
ae / Capillary tube 
tenths and ~ means high 
ends at 43 sensitivity — 
davies mercury moves 
aks a good, visible 
distance at each 
Narrow column of pet to ature 
mercury, easy to Change. 
see because it is When mercury 
opaque and cools and 
magnified by contracts, it cannot 
on glass pass back until 


shaken (giving time 


Chaiitiictles iv to take reading). 


glass tube. 
Heated 
mercury 
expands and 
pushes past. 


Glass bulb is thin-walled so 
mercury heats up quickly. 


e Fixed point. A temperature at 
which certain recognisable 
changes always take place 
(under given conditions), and 
which can thus be given a value 





mene ove ny ie be Sapo against which all other 
rr temperatures can be measured. 
+ Mercury bulb in Examples are the ice point (the 
iit Ladies | steam temperature at which pure ice 
| Thermometer ~ melts) and the steam point (the 


Lower fixed point 






Position of end of point 


mercury thread 
marked as 0°C, 






Pure, melting ice 







Beaker 


* Atmospheric pressure, 24; Calibration, 344; Manometer, 25. 


Upper fixed ——-_ 






temperature of steam above 
water boiling under 
atmospheric pressure*). Two 
fixed points are used to 
calibrate* a thermometer —a 
lower and an upper fixed point. 
The distance between these 


point points is the fundamental interval. 











e Maximum and minimum 
thermometers. Special liquid-in- 
glass thermometers which record 
the maximum or minimum 
temperature reached over a period of 
time. They contain a metal and glass 
index (see picture) which is pushed 
up or pulled down (respectively) by 
the liquid meniscus’*. The index stays 
at the maximum or minimum position it 


reaches during the time the thermometer coloured 


is left. It is reset using a magnet. 


Other types of thermometer 


® Resistance 
thermometer. 
Measures temperature 


it causes in a wire. 







Devices with 
thermistors* just 
under wing 

~. surface. 





similar devices, e.g. 
under aeroplane wings, 
from change in resistance* use resistance change 


in thermistors”*. 


Index at 
highest position 
so far reached 












Maximum 

thermometer Convex by mercury. 
\ meniscus* 

Mercury 





Maximum 








temperature 
reading 
Index at lowest Concave 
_ position so far meniscus* 
alcohol. 








alcohol 
* Minimum 
temperature 
reading 












© Thermocouple. Uses 
the e.m.f.* produced 
across metal junctions 
to measure temperature 
difference. 


Absolute 
temperature 


e Absolute or thermodynamic temperature scale.A = scan 
standard temperature scale, using units called 


kelvins (K). The zero value is given to the lowest 
possible temperature theoretitally achievable, 


373K (Same temperature, 
different value 


called absolute zero. It is impossible to have a 
lower temperature, as this would require a negative 


volume (see graph) which cannot exist. 


© Celsius scale (°C). A standard temperature scale 


identical in graduations to the absolute 


temperature scale, but with the zero and one 
hundred degree values given to the ice point and 
steam point respectively (see fixed point). 


For conversion: 
T=t-+ 273 


273 K 


Volume- 
temperature 
graph for ideal 
gas* — see also 


@ Fahrenheit scale (°F). An old scale with the values 


32°F and 212°F given to the ice point and steam 


-273°C/0K 0°Cc 100°C 


point respectively (see fixed point). It i Is rarely h 373K 
Absol 


used in scientific work. 





* Calibration, 344; Electromotive force (e.m.f.), 60; Ideal gas, 33; Meniscus, 345; Resistance, 62; Thermistor, 65. 
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Transfer of heat 


Whenever there is a temperature difference, heat energy (see page 9) is 
transferred by conduction, convection or radiation from the hotter to 
the cooler place. This increases the internal energy” of the cooler 
atoms, raising their temperature, and decreases the energy of the hotter 
atoms, lowering theirs. It continues until the temperature is the same 


across the region — a state called thermal equilibrium. 


e Conduction or thermal conduction. The 
way in which heat energy is transferred in 


solids (and also, to a much lesser extent, in 
liquids and gases). In good conductors the 


energy transfer is rapid, occurring mainly 
by the movement of free electrons* 


(electrons which can move about), although 


also by the vibration of atoms — see 
insulators (bad conductors). 


® Insulators. Materials such as wood 
and most liquids and gases, in which 
the process of conduction is very 
slow (they are bad conductors). As 





DM ed 


andl 





Wooden h Metal poker 


high 
low conductivity conductivity (good 
(bad conductor) _ conductor) 


< x > 


) le 
- " h 2 
Flow of heat energy 


he 7 










Day 


Warm air 


ae 
1 1 


* Electrons, 83; Internal energy, Kinetic energy, 9. 


















Coastal breezes caused by convection currents 
r es 










rises. mac 
~~ 


Heat energy moves up metal spoon 
(good conductor). 











Heated 
electrons* gain 
kinetic 
energy*. Move 
out fast in all 
directions. 


Electrons 

collide with 
atoms, passing 
on heat energy. 


Hot atoms 

vibrate, but 
only collide 
with neighbours. 


they do not have free electrons“, heat 
energy is only transferred by the 
vibration and collision of immediately 
neighbouring atoms. y 


® Conductivity or thermal 
conductivity. A measure 
of how good a conductor a 
material is (see also page 112).. _» 
The rate of heat energy 

transfer through an object 

depends on the conductivity 

of the material and the 

temperature gradient. This is. 

the temperature change with 
distance along the material. - 
The higher the conductivity 
and the steeper the gradient, 
the faster the energy transfer. _ 







Land 


Sea 
breeze 


breeze 














® Radiation. A way in which heat 
energy is transferred from a hotter to 
a cooler place without the medium* 
taking any part in the process. This 
can occur through a vacuum, unlike 
conduction and convection. The 
term radiation is also often used to 
refer to the heat energy itself, 

_ otherwise known as radiant heat 
energy. This takes the form of 
electromagnetic waves”, mainly 
infra-red radiation*. When these 
waves fall on an object, some of their 





To hot water 


» Use of radiation to supply hot 
storage tank 


water 


; 
Radiation ? 
rs 


, Vy - 











Glass cover 
(cut away) 
traps radiation. 


Copper 
sheeting 
painted black 
(cut away) 
absorbs heat. 







Heat 
transferred to 
water in copper pipes. 


Solar 
panel 


Insulator 


object’s internal energy* and hence 
its temperature. See also Leslie’s 


energy is absorbed, increasing the cube, below. 
One thermocouple* ‘ 
First metal, e.g. ‘ , : 
an emule ® Thermopile. A device for measuring 












radiation levels. It consists of two or 


oe Cold junctions 
creat iat ra at constant more thermocouples (normally over 
junctions. 50) joined end to end. Radiation falls 
on the metal junctions on one side and 
oe the temperature difference between 
ane silt ait these hot junctions and the cold ones 
i eat: ee the other side produces an e.m.f.* 
~~ calibrated* to across the thermopile, the size of 
Radiation show temperature which indicates how much radiation 


by e.m.f.*). 










. Leslie’s cube used to compare powers of 
radiation — numbers show best (1) to worst (4) 








surface. 
Hot water inside 

Gloss 
black Radiati 
surface (2) oe 
Gloss To 3 
white thermopile 
surface (3) | 

Polished metal Matt black 

surface (4) surface (1) 


® Greenhouse effect. The 

warming effect produced when 

ae radiation is trapped in a closed 

' area, e.g. a greenhouse. The 
objects inside absorb the sun’s 
radiation and re-emit lower 
energy radiation which cannot 
pass back through the glass. 
Carbon dioxide in the 
atmosphere forms a similar 
barrier, and its level is 
increasing, hence the air is 
slowly getting warmer. 


* Calibration, 344; Electromagnetic waves, 44; Electromotive force (e.m.f.), 60; Galvanometer, 77; Infra-red radiation, 4!) 


Internal energy, 9; Medium, 345; Thermocouple, 27. 


receives (produced has been absorbed. 


@ Leslie’s cube. A thin-walled, hollow cube 
(good conductor) with different outside 
surfaces. It is used to show that surfaces 
vary in their ability to radiate and absorb 
heat energy. Their powers of doing so are 
compared with an ideal called a black 
body, which absorbs all radiation that falls 
On it, and is also the best radiator. 











Effects of heat trans fer | | e Evaporation. The conversion of a changes of state) needed for 




















liquid to a vapour by the escape of evaporation is taken from the 
When an object absorbs or loses heat energy (see pages 28-29), its tS eae = petit: takes liquid pu which cools ae 
internal energy“ increases or decreases. This results in either a rise or Tee aan one ce - vs ee ee 
fall in temperature (the amount of which depends on the heat capacity of combination of the following: increase Sublimation. The conversion 
the object) or a change of state. in temperature, increase in surface of a substance from a solid 
area or decrease in pressure. It is also directly to a gas, or vice- 
Changes of state increased if the vapour isimmediately — versa, without passing 
A change of state is a change from removed from above the liquid by a through the liquid state. 
Ww mperature == +=—_~—sC*one physical state (the solid, liquid flow of air. The latent heat (see 
aeatcnd big. 1 K. Tt 6 a property of __-—-—‘ or gaseous state) to another (for more Chaneee of bata. Paninadniin tendins 
the object 7 smh on} ~ hi about physical states, see page 4). constant (see graph below). ee ea 
of wh While a change of state is happening, Changes due to cooling. Freezing @@ 7 | ee SUDlimation 
there is no change in temperature. aicoeeba toons a 
Instead, all the energy taken in or temperature) used instead 
given out is used to make or break A ee 






Vaporization 


molecular bonds. This is called latent 
Evaporation 


heat (L) — see graphs, page 31. The 
specific latent heat (1) of a substance 
is a set value, i.e. the heat energy 
taken in or given out when 1 kg of the 
substance changes state. 


Changes due to heating. 
Heat energy taken in, 
which would have raised 
the temperature, used 
instead (as latent heat) to 
break bonds. 











Temperature constant while 
changes of state occur. Heat 
(latent heat) used to break 


® Vaporization. The change of bonds between molecules. 


state from liquid to gaseous at as 








a temperature called the | ss 4 Cooling curve shows decrease 
boiling point of the liquid (it Bolling | | Lee penis 
is said to be boiling). The pane 

term is also used more 

generally for any change 

resulting in a gas or vapour, we 


1.e. including also 
evaporation and 






B42 ele 







sublimation. at a : 
e Freezing. The change of EP latent 2s Ae eee aad 
state from liquid to solid at AGU Hs 2 AN a a 









be re | 





the freezing point (the same 
temperature as the melting 
point of the solid). 





® Melting. The change of state 
from solid to liquid at a 
temperature called the 
melting point of the solid. 


@ Condensation. The change 
of state from gas or vapour to 
liquid. 





30 * Internal energy, 9: SI units, 96. 





32 


Expansion on heating 


Most substances expand when heated - their 
molecules move faster and further apart. The extent 
of this expansion (expansivity) depends on 

* For the same amount of 
heat applied (at constant pressure), solids expand 
least, as their molecules are closest together and so 
have the strongest forces between them. Liquids 
expand more, and gases the most. 


intermolecular forces 


Bimetallic strip. A device 
which shows the expansion of 
solids on heating. It is made 
up of two different strips of 
metal, joined along their 
(equal) length. When heated 
or cooled, both metals 
expand or contract 
(respectively), but at different 
rates, so the strip bends. Such 
strips are used in thermostats. 


Linear expansivity (a). A 


measurement of the fraction of its 


original length by which a solid 


expands for a temperature rise of IK. 


For solids or liquids: 


Note the only relevant 
measurement for 
liquids is cubic 
expansivity. It is either 
real or apparent (see 
page 33), hence so is 
change in volume in formula. 


Cubic or volume expansivity 
(y). A measurement of the 
fraction of its original volume by 


which a substance expands for a 


temperature rise of IK. It is the 
same for all gases (at constant 
pressure) when they are 
assumed to behave as ideal 
gases. Since gases expand by 
very large amounts, the original 


volume is always taken at 0°C so 


that proper comparisons can be 
made (this is not felt to be 
necessary with solids or liquids 
as the changes are so small). 


* Intermolecular force, 7. 


‘back, and 


For gases: 


Expansion of solids on 
heating must be taken into 
account in building work. 


Rubberized compound put 
between paving stones 


Thermostat (temperature regulator) 


Strip bends . i 
outwards as it 
: 4 


Bimetallic strip (invar and brass) 









heats up. 
Circuit is 
broken at point 
determined by 
knob. As 
surroundings 
cool it bends Insulating block 
saciesicee set a 
switched back on. Knob controls temperature at 
which heater switches off or 
back on by setting position of To 
metal bar and its contact. 







® Superficial or areal expansivity (f). 
A measurement of the fraction of its 
original area by which a solid 
expands for a temperature rise of IK. 





<q Change in volume with 
temperature of ideal 
gas (constant | 
pressure). Plotted using 
Charles’ law (volume 
increases 
proportionally with 
temperature). 








Temperature 
(see page 27) 


73K 
100°C 











0°C 





Graph rises proportionally, so for each 
graduation (kelvin rise), volume of gas 
increases by 1/273 of ees VL 














From zero 
volume, there 
are 273 
temperature 
graduations 
to volume at 
0°C (V1). 


Thus, for an ideal gas: 








heater 





Ot TR a 





® Real or absolute cubic expansivity. 
An accurate measurement of the 
fraction of its volume by whicha 
liquid expands for a temperature rise 
of 1K. 


e Apparent cubic expansivity. A 
measurement of the fraction of its 
volume by which a liquid apparently 
expands for a temperature rise of IK. 


Behaviour of gases 


All gases behave ina similar way, Be there: 
are several gas laws which describe their 
behaviour (see below). Anideal gasisa _ 
theoretical gas which, by definition, exactly 

_ obeys Boyle’s law at all temperatures and ~ 
pressures, but in fact also obeys the two other 
laws as well. When real gases are at normal 
temperatures and pressures, they show 
approximately ideal behaviour (the higher the 
temperature and the lower the pressure, the 
better the approximation), hence the laws may 
_be Lape) aLpes 


Boyle’s law 
v 







| dove. law. The vonuie a a 
_ fixed mass of gas at constant | 
temperature isinversely __ 
proportional to the pressure. — 

| For example, if the pressure on % 

the gasincreases,the volume _- —— 

_ decreases proportionally — the ‘Temperature _ _ 

- molecules move closer _ _ keptthesame > 

together. Note the pressure | as below 

exerted by the gas increases  . _ 
by the same amount as that | 
exerted on it (the molecules hit CO*” 

| the comainer walls more span . 


Charles’ ae, The ee, of. a In 
_ fixed mass of gas atconstant 
_ pressure is proportional to the - 
temperature on the absolute 
_ seale*. For example, if the 
temperature | increases and the 
_ pressure is kept the same, es / 
volume increases : 
proportionally (given an 
_ expandable container) — the 
_ molecules move faster and 
__ further apart. Note the pressure 
_ exerted by the gas remains 
constant, like that exerted on it 
(the molecules hit the walls at 
the same frequency — they have 
_ more space, but greater energy). 


In fact, the heat applied also causes 
very slight expansion of the container, 
so its calibrated measurements are no 
longer valid. 


@ Anomalous expansion. The 
phenomenon whereby some liquids 
contract instead of expanding when 
the temperature rises within a certain 
range (e.g. water between 0°C and 4°C). 


a volume 


Increase 
pressure 








































Gas at constant © 
temperature, 
pressure and 





Pressure law 


Pressure 
increases 


Increase 
temperature 





The ideal gas 
equation, 
general gas 
equation or 
equation of 
state links all 
the others: 


For one mole” of gas: 








* Absolute temperature scale, 27; Mole, 96. 






Mechanical wave (transverse 
wave) passes along string. 





Waves 


All waves transport energy 
without permanently displacing the 
medium* through which they 
travel. They are also called 
progressive or travelling waves, 
as the energy travels from a source 
to surrounding points (but see also 
stationary wave, page 43). There 
are two main types — mechanical 
waves, such as sound waves, and 
electromagnetic waves (see page changes between two extremes. In 
44). In all cases, the wave motion mechanical waves it is particles 

is regular and repetitive (i.e. (molecules) that oscillate and in 
periodic motion — see page 16) in electromagnetic waves it is electric 
the form of oscillations — regular and magnetic fields. 


Each particle oscillates 
and returns to rest. 





W Displacement/time graph for oscillation of one particle 





Displacement 


(direction and distance , displacement. The - 


greater it is, the more 
position) 


re energy wave carries. 
Mean — — - 


position 
(position 
when at 
rest) 





Amplitude is maximum 












‘_ Time taken by one oscillation _! 
is a period (see also page 16). 





Waves are : 
transverse waves Transverse Waves. Waves in 


— oscillations areat which the oscillations are at right 
pont andies te we. angles to the direction of energy 
aiaeadiaeaiiaaimaiil (wave) movement, e.g. water 
waves (oscillation of particles) and 
all electromagnetic waves* 
(oscillation of fields — see 


introduction). 






Oscillating block 
causes many waves 
to pass along rope. 


——— 
















gen 


Displacement/distance graph for particles 
of section of rope at “frozen” moment YW 






Displacement Wavelength (A) is 
r—— distance between two —, ® Crests or peaks. Points where a 
| successive points at Crest 







wave causes maximum positive 
displacement of the medium’. The 
crests of some waves, e.g. water 
waves, can be seen as they travel. 


| same position. 







Distance 
ahs along rope 






@ Troughs. Points where a wave 
causes maximum negative 
displacement of the medium”*. The 
troughs of some waves, e.g. water 
waves, can be seen as they travel. 





Trough - male 






Positions of same Such graphs are 
particles at later also “pictures” of 
Mean position moment transverse waves. 
(see top graph) 










~w—__. Pebble dropped in pond produces 


© Wavefreat. Any line or section circular wavefronts. 


taken through an advancing | 
wave which joins all points JAA 
which are in the same position in l 
their oscillations. Wavefronts 
are usually at right angles to the 
direction of the waves and can 
have any shape, e.g. circular 
and straight wavefronts. 





Za Straight-edged dipper 
-_ produces straight 
—___ wavefronts. 





This wavefront is crest, but wavefronts 
may be troughs or any lines in 
between. 


* Electromagnetic waves, 44; Medium, 345. 
















© Longitudinal waves. Waves in which 
the oscillations are along the line of 
the direction of wave movement, e.g. 
sound waves. They are all 
mechanical waves (see introduction), 
1.e. it is particles which oscillate. 






® Wave velocity. The distance moved 
by a wave in one second. It depends 
on the medium” through which the 
wave is travelling — the denser the 

medium, the slower the wave. 







In longitudinal waves, particles oscillate 
along line of wave direction. W 













__ number of waves passing point x wavelength 
time 






_ frequency x 
wavelength 


Hence: 





Frequency (f). The number of 

oscillations which occur in one 

_ second when waves pass a given 
point (see also page 16). It is equal to 
the number of wavelengths (see 

second graph, page 34) per second. 


Graph of particles above at “frozen” moment. Graph not 
in this case “picture” of wave (see second graph, page 
34). 







x C at greatest positive 
displacement 


Displacement 






Amplitude fee ic 
qraph, page 34) 
Distance 






e Attenuation. The gradual decrease 
in amplitude (see top graph, page 
34) of a wave as it passes through 
matter and loses energy. The 
amplitudes of oscillations occurring 
further from the source are less than 
those of oscillations nearer to it. This 
can be seen as an overall damping’, 
although this term actually refers to 
the gradual decrease in amplitude of 
the oscillations of any single particle. 


Graph showing attenuated wave : 






A, Eand 1 at mean 

position (see top 

graph, page 34) 
Gat greatest negative —” 
displacement 









Graph of pressure or density against distance for 
longitudinal wave shows compressions and 
rarefactions. W 







Area of 
4 compression 

centred around 

particle E. 


Pressure/density | 








Distance 








Displacement 


Areas of 

rarefaction 

centred around 

particles Aandl. > 





decreases 
Distance 
from source 








e Compressions. Regions along a 
longitudinal wave where the 
pressure and density of the molecules 
is higher than when no wave is passing. 






© Wave intensity. A measurement of 
the energy carried by a wave. It is 
worked out as the amount of energy 
falling on unit area per second. It 
depends both on the frequency and 

amplitude of the wave. 






® Rarefactions. Regions along a 
longitudinal wave where the 
pressure and density of the molecules 
is lower than when no wave is passing. 







* Damping, 16; Medium, 345. 












® Refraction. The change in 


Reflection, refraction 


and diffraction 


An obstacle or a change of 
environment causes a wave to 
undergo reflection, refraction or 
diffraction. These are different 
types of change in wave direction 
and often also result in changes in 
the shape of the wavefronts”. For 
more about the reflection and 


refraction of light waves, see pages 


46-53. 


@ Reflection. The change in direction 
of a wave due to its bouncing off a 
boundary between two media’*. A 
wave that has undergone reflection is 
called a reflected wave. The shape 






produces circular 
wavefronts 
(straight 
wavefronts 
produced by 
moving paddle with 
straight, flat 
surface). Shadows 


of ripples 
Sponge beach — i 


absorbs wave energy, 

stopping waves Barriers and other devices 
reflecting back off side are put into tank to produce 
of tank. changes in wave direction. 


® Ripple tank. A tank of water used to 


demonstrate the properties of water 
waves. 





of its wavefronts depends on the 
shape of the incident wavefronts and 
the shape of the boundary. For more 
about the reflection of light waves, see 
pages 46-49. 





direction of a wave when it 
moves into a new medium* 
which causes it to travel ata 
different velocity. A wave 
which has undergone 
refraction is called a 
refracted wave. Its 
wavelength* increases or 
decreases with the change in 
velocity, but there is no 
change in frequency”. For 
more about the refraction of 
light waves, see pages 50-53. 


Other examples: 





Waves slow down on They speed up onentering So waves slow down on 


TH ily Eh > - 
qj uae NRE eee ty 


















ener 





(cooler means denser). 


entering a denser medium. a less dense medium. 


entering a cooler medium » They speed up on entering 


a warmer medium, 


Examples of reflected wave shapes 


e Incident wave. A © Refractive index (n). A number which indicates the power of 
wave that is refraction of a given medium” relative to a previous medium. 
travelling towards a It is found by dividing the velocity of the incident wave in the 
boundary between first medium by the velocity of the refracted wave in the 
two media”. Its given medium (subscript numbers are used — see formula). 
wavefronts are The absolute refractive index of a medium is the velocity of 
called incident light in that medium compared to the velocity of light in a 
wavefronts. vacuum (or, generally, in air). For more about refractive index 

and light, see page 50. 


| Circular wavefronts hitting straight 
boundary produce circular wavefronts. 


oy 
SOS 





This means refractive 
index of medium” 2 
relative to medium l. 


<< s 





Diffraction of waves (sound waves) round obstacle 


® Diffraction. The 


Circular wavefronts hitting concave 





boundary producing straight wavefronts bending effect which End F ime 
in this case (i.e. with ship at this distance), occurs when a wave 
Ship's hooter produces sound waves, meets an obstacle or 
| asses through an 
Circular wavefronts (incident waves) .— p a ae 
a eds aperture. The amount PA MNT comemecee 8 RELA ek! 
traight wavefronts (reflected waves) — EE LESTE OMT ERT IIE 
WET the wave bends : Obstacle small compared to Obstacle about same size as Obstacle large compared to 
depends on the size wavelength* (wavelengthofsound wavelength-—some diffraction, so wavelength — almost no diffraction, 
! fth bstacl is about 2 m ) — a lot of diffraction, small “shadow” formed, i.e. area so large “shadow” formed. 
| O € opstacie or so no “shadow” formed. through which no waves pass 
| Straight wavefronts hitting straight aperture comp ated Diffraction of water waves passing through aperture (slit). 
boundary produce straight wavefronts. to the wavelength 


of the wave. The 
smaller the obstacle 

| on or aperture by 
| Straight wavefronts (incident waves) Co omparis on, the 

Straight wavefronts (reflected waves) more the wave bends. 


\ ; 
’ Rear view car mirror 


“™ Light waves from car headlights behind 





Aperture narrow compared to 
wavelength — a lot of diffraction, 


Aperture about same size as 


Aperture wide compared to 
wavelength — some diffraction. 


wavelength” — little diffraction. 





36 * Medium, 345; Wavefront, Wavelength, 34. * Frequency, 35, Medium, 345; Wavelength, 34. 














* Principle of Constructive interference 


superposition. States that, 
when the superposition of 


, Second wave in 
hase with 





Wave interference 


First wave Coincides with 


Amplitude* Al 































































When two or more waves travel in the same or different directions in a turer sieve weaves come a 
given space, variations in the size of the resulting disturbance occur at | at a point (i.e. two or more fT #1 
points where they meet (see principle of superposition, page 39). This waves come together), the od 
effect is called interference. When interference is demonstrated, e.g. in resultant displacement is 
a ripple tank”, sources which produce coherent waves are always equal to the sum of the fees | Talia brave 
used, i.e. waves with the same wavelength and frequency, and either in displacements (positive or it two waves of seciieuds At | ee 
phase or with a constant phase difference (see phase). This ensures that negative) of the individual eee, | 
the interference produces a regular, identifiable interference pattern of WREST amplitude. 
disturbance (see picture, page 39). The use of non-coherent waves would e Constructive According to principle of 
result only in a constantly-changing confusion of waves. interference. The superposition, Al + A2 = A3. 
sins This is true of displ tat 
TS TTT ) ) : : : increase in disturbance sie ee prt oo ; Second wave 
Wave l|at given instant | Wave in phase with | @ Phase. Two waves are in phase | (reinforcement) which Bl + B2 = B3. exactly out of 
| ; wave’ 7 | _ ifthey are of the same ranctin tecea tin phase with first. 
fre quency an d corre spon din g ie f Destructive interference 
; : superposition ol two First wave Coincides with 
r points are at the same place in waves which are in phase eT 
| ' | t ' : : d. Amplitude’ Al 
cab aithie pau oA their oscillations (a g. both at (see phase). _ Amplit : 
ee ud crests*) at the same instant. Bl 
Wave 3 out of phase | Wave joni out of They are out of phase if this is © Destructive interference. | 
_withwavel ._Phasewithwavel | not the case, and exactly out of The decrease in Resultant wave 
. | | 1 i . Pea f. has smaller 
PAK, cor » uN phase if their displacements are dictithanne wlach scauite amplitude. 
ih | ae ci am exactly opposite (e.g. a crest from the superposition of 
SS | | : : a ek Zo | eS anda trough”). The phase two waves which are If two baat . ee Al 
° coincide exactly out of phase, 
ok oat hee difference between two waves exactly out of phase. resultant amplitude is zero. 
——— is the amount, measured as an 
Wave from one | | | : : — 
| | Ll ae fst angle, by which a point on on — 
source | Engse ee fess dude g é y f hee 2 si Interference pattern at “frozen” moment a ae 
VX | Nc | lds et Wares oat OOF on ie © Nodes or nodal points. Points at (not all antinodal/nodal lines shown), "= — 
) & a corresponding point on the which destructive interference is Two sources (SI and 82) produce ff yo Tare 
ae | NZL a other. For waves exactly out of continually occurring, and which ipa i PON eS Rey pit Oe ee 
I aD ee i a . . ’ in phase. 7 ——. 
Wave from Phase difference between next two crests phase, the phase difference = . are consequently r egular ly points ge / ~ _——s 
' second source _ the same, so constant phase difference. 180°; for waves in phase, it is 0°. of minimum disturbance, i.e. points Crest* or compression* | fied ae f 
iit eeeeeeers | Sepa ne e vie. ines he 
bat where crest* meets trough” or Trough* or rarefaction* —<[ / / / - fie 
réribucindy acini . compression * meets rarefaction* Rntieudiak tae be / —s1 car) 
neeas | A nodal line is a line consisting iconmtuatiyy | eK 4} h ’ 
WL i aeex : entirely of nodes. Ct ee y Ze Lor 
f ‘si \\ Nodal line (destructive CMe ee 
Him RANA 4 | : ; ; interference). If waves are en ak 
1 Sir e Antinodes or antinodal points. same amplitude, LSS 
| | N iy Points at which constructive et er We tee EO 
. NK Nh r interference is continually | | SERS SS 
| Wi Mh | occurring, and which are ~ Depending on waves, ! J Bi } | 
| / | rola consequently regularly points of —_ of eo \ aa 
ACI Nik ; : . : : or a, RS 
/ ; maximum disturbance, i.e. points also Young's slits picture, ‘~“ \ \ \ ‘ <i 
where two crests*, troughs”, page 38). \ a has, at 
| j compressions” or rarefactions* Nodal linesindicatecam = \ \ \ \ \ \_> 
y | meet. An antinodal line is a line ee Te eee Meh Sac e 
consisting entirely of antinodes. slits picture). + < ee 


38 * Crests, 34; Diffraction, Ripple tank, 36; Troughs, 34. * Amplitude, 34; Compressions, 35; Crests, 34; Rarefactions, 35; Troughs, 34. 











Sound waves 


Sound waves, also called acoustic waves, are longitudinal waves* — 

waves which consist of particles oscillating along the same line as the 
waves travel, creating areas of high and low pressure (compressions* 

and rarefactions*). They can travel through solids, liquids and gases and 

have a wide range of frequencies”. Those with frequencies between 

about 20 and 20,000 Hertz* (the sonic range) can be detected by the 

human ear and are what is commonly referred to as sound (for more 

about perception of sound, see pages 42-43). Others, with higher and 

lower frequencies, are known as ultrasound and infrasound. The study 

of the behaviour of sound waves is called acoustics. 


¢ Ultrasound. Sound composed of ultrasor tT 
waves with frequencies* < 2113) : 
ear, i.e, above 20,00 


human ear, i.e. below 20 Hertz*. At 
present they have few technical uses, 
as they can be distressing to humans. 





Behaviour of sound waves 


® Speed of sound. The speed at which 
sound waves move. It depends on the 
type and temperature of the medium* ¢ Supersonic speed. A speed above the 
through which they travel. The speed speed of sound in the same medium* 
of sound waves travelling through dry and under the same conditions. 

air at 0°C is 331 ms ', but this 
increases if the air temperature 
increases. 


®@ Subsonic speed. A speed below the 
speed of sound in the same medium* 
and under the same conditions. 









Ordinary commercial Concorde can fly at 
aeroplanes fly at supersonic 


© Sonic boom. A loud bang heard when 
a shock wave (see below right) 


produced by an aeroplane moving at 
supersonic speed passes a listener. 


> Supersonic aeroplane (A) 
overtakes its wavefronts while 
creating more, so they overlap. 


“4— Causes large build up of 

pressure (shock wave) pushed 

in front of aeroplane and 

unable to “get away”, like bow 
wave of ship (if ship travelling 
faster than water waves it creates). 


Listener at X will hear wave as 
sudden loud sonic boom. 


As aeroplane (A) travels forward, it 
creates longitudinal waves” in air, 
i.e, areas of high and low pressure 
(compressions* and 

rarefactions* ), 







Wavefronts* can “get away” from 
aeroplane and begin to disperse. 


Listener at X will hear waves as ™~ 
sound (a “whoosh” of air — as well x 
as separate sound of engines). 





* Compressions, Frequency, 35; Hertz, 16 (Frequency); Longitudinal waves, 35; Medium, 345; Rarefactions, 35; Wavefront, 34. 


® Echo. A sound wave which has been 
reflected off a surface, and is heard 
after the original sound. Echoes, 
normally those of ultrasonic waves, 
are often used to locate objects and 
determine their exact position (by 
measuring the time the echo takes to 
return to the source). This technique 
has a number of names, each 
normally used in a slightly different 
context, though the distinctions between 
them are unclear. 


Sonar (derived 
from sound navigation 
and ranging) 






Ultrasonic waves 
emitted by device 
below ship. 


Waves reflected back 
by submarine (echoes 


Echoes picked up 

by sensing 

equipment below 
ship. Converted to 
electrical pulses 
which form an 

image of submarine 
on a screen in the ship. 


Ultrasound scanning (see page 40) i is 
one example. Others are echo- 
sounding and sonar, both of which 
have marine connotations (echo- 
sounding normally refers to using 
echoes to measure the depth of water 
below a ship, sonar to using them to 
detect objects under water). 
Echolocation usually describes the 
way animals use echoes to find prey 
or avoid obstacles in the dark. 






* Frequency, 35; Wavefront, 34. 






































® Reverberation. The effect 
whereby a sound appears to 
persist for longer than it actually 
took to produce. It occurs when the 
time taken for the echo to return to 
the source is so short that the 
original and reflected wave cannot 
be distinguished. If the wave is 
reflected off many surfaces, then 
the sound is enhanced further. 





® Doppler effect. The change in 
frequency” of the sound heard 
when either the listener or the 
source moves relative to the other. 
If the distance between them is 
decreasing, a higher frequency 
sound is heard than that actually 
produced. If it is increasing, a 
lower frequency sound is heard. 


Doppler effect 


Train hoots while approaching 
and passing listener at X. 







Wavefronts* 
move out at xX 
speed of 
sound. 


Wavefronts 

closer together 

here because 

train moving 
forward while 
producing 

sound waves. x 
Heard at X as 
sound of higher 
frequency’. 
Lower 
frequency 
sound will be 
heard when 
train has 
passed. 
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® Stationary or standing wave. A 
wave that does not appear to move. 
It is not in fact a true wave, but is 
instead made up of two waves of 





Formation of stationary wave 












Displacement 









Waveform of musical sound 








& 
waver £é $s 

























































| ‘ 
the same velocity and frequency* 
WP'O See # 40-41) repeats continuously moving in opposite 
@ s usually judced directions between two fixed 
und is usually judge : Waves A and B (same amplitude’) moving in 
ever, when it is Pressure/ Waveformof noise ey, sages Fes Bat ae Se eens ere ee geee Poms, 
i »>soun l density | . 
: oy : = ee 4 cs 7 , repeated crossing of the waves 
SEBS, EVOLY SOUT results in interference* — when the rr 
pam dness and pitch and many, } waves are in phase’, the resultant 





A 
Resultant wave at time t = 0. Amplitude 


enped, \usical sounds, are produced 
doubled. 


by stationary waves. 


e Loudness. The size of the sensation produced when sound waves 
fall on the ear. It is subjective, depending on the sensitivity of the 
ear, but is directly related to the wave intensity* of the waves. It 
is most often measured in decibels (dB), but also, more 
accurately, in phons (these take into account the fact that the ear 
is not equally sensitive to sounds of all frequencies”). 


amplitude” is large, and when 
they are out of phase”, it is small 
or zero. At certain points (the 
nodes), it is always zero. The 
amplitude and frequency ofa 
stationary wave in a string or wire 
determines those of the sound 
waves it produces in the air — the 
length and tension of the string or 
wire determines the range of 
frequencies, and hence the pitch of 
the sound produced. 










Aeroplane taking 
off measures 110 dB 


~~ 











Resultant wave at time t = 1. Amplitude zero. 
Vv 










we 





A+B 









At time t = 2, resultant wave has same 
amplitude as at t = 0, but is transposed, i.e. 
crests* where there were troughs* and 
vice versa. 









high frequency and a low pitched 
sound a low frequency. 


® Pitch. The perceived frequency“ ofa 
sound wave, i.e. the frequency heard 
as sound. A high pitched sound has a 





Nodes 







































Wester musical scale is based on diatonic 





©® Modes of vibration. The same note played Lowest mode of vibration 





















@ Beats. The regular variation in Pressure/density Sound wave 1 - frequency* 12 Sonometer. Piece 1 yn box 
loudness with time which is heard Aas : ae (reyes per second) } pele con nthe Stationary Antinodes (see below) 4 
when two sounds of slightly different TRU Core | stationary waves. er eens fare vonuniouey moving rapidly betwnen 
frequency“ are heard together. It is a ee wave 2- frequency 14 Hz When plucked, position held at t = 0 and that held at t = 2. Wave observed 
. NIV A {\ f\_f po yy wire vibrates and appears stationary. 
result of interference* between the © dis ha? ' pe Restart : wit 2 _ box 4 ZZ “ 
: esultant soun amplifies soun | ovable bridge. Can be 
two waves. The beat frequency is Tv aes awa Time | causedby os bridge” adjusted to change length 
equal to the difference in frequency reas UT \ J ihe * vibration. 7 of wire and so alter pitch of 
vary One Positions of zero note. 
between the two sounds (see picture). : Loud sound second vibration (nodes) 
The closer together the frequency of Cea i ee eee i pees P 5 es a 
; : ; ee oO ‘ 
the sounds, the slower the beats. Beat frequency is 2 beats per second. | vibration (antinodes). Fixed bridge suf bo'eter pack ara 






Musical sounds scale ~— consists of 8 notes (white notes on : 
piano) ranging from lower to upper C. on different instruments, although ee of Lo a 
All music is based on some kind of musical Botton of Lapel e recognizable as the same note, has a quite it frequencies of overtones are Joe 
scale, This is a series of notes (sounds of reat ae distinct sound quality (timbre), oe a OO at 
characteristic to the instrument. This is called harmonics. __ 


specific pitch), arranged from low to high 
pitch with certain intervals between them 
(a musical interval is a spacing in 
frequency”, rather than time). The notes are 





because, although the main, strongest 


_ vibration is the same for each note 


whatever the instrument (its frequency” is 





lst overtone (2nd harmonic, i.e. 
frequency doubled. Note 
fundamental is lst harmonic) 























aa and overt te this is 4th 
arranged so that the maximum number of the fundamental frequency), vibrations at _jarmonic ie. in this ease there 
pleasant sounds can be obtained. What is other frequencies (overtones) are also is no 3rd harmonic) 
regarded as a pleasant sound depends on ee —_ oe produced at the same time. The set of Combined modes of vibration fi 
tat Black notes have frequencies* between those i i ifj i i i.e. ee put together). e note played on 
culture - Eastern music is based on a vibrations specific to an instrument are its Characteristic waveform of different instrument 


of notes on diatonic scale. Together with these, 


they form chromatic scale. note for this instrument. 


modes of vibration. may look like this, 


different scale to Western music. 


* Frequency, 35; Interference, 38; Wave intensity, 35. * Amplitude, Crests, 34; Frequency, 35; In phase, 38 (Phase), Interference, 38; Out of phase, 38 (Phase); Troughs, 34. 
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Electromagnetic 
waves 


Electromagnetic waves are 
transverse waves", consisting of 
oscillating electric and magnetic 
fields*. They have a wide range of 
frequencies”, can travel through all 


media”, including vacuums, and, when 


absorbed, cause a rise in temperature 


(see infra-red radiation). Radio waves 
and some X-rays are emitted when free 





electrons* are accelerated or decelerated, e.g. as a result of a collision. 
All other types occur when electrons move between shells (see page 85). 
All except radio waves occur as random pulses called photons (see 
quantum theory, page 85), rather thari a continuous stream. 


Electromagnetic spectrum (range of electromagnetic waves). Five main sections are wavebands, 
i.e. particular ranges of frequencies* and wavelengths* within which the waves all have the same 


characteristic properties. 


10-}* 10-7 10°" 10-*° 10°° 10°° 10°? 10-* 10°° 












107 107° 10° 1038 107 10" “198 104 1023 10?2 io! ] 


Increasing wavelength* —————— 
10-4 10° 10 





1 10: 10% 10° = 10% 










°° wo 1 1’ 1 





<——————- Increasing frequency* 


e Gamma rays (‘-rays). 
Electromagnetic waves emitted by 
radioactive* substances (see also 
page 86). They are in the same 
waveband and have the same | 
properties as X-rays, but are produced 
in a different way and are at the top end 
of the band with regard to energy. 
X-radiography 
produces pictures 
(radiographs) of 
inside of body, X- 
rays pass through 
tissue but absorbed 
by denser bones, 


so bones appear 
opaque on film. 


e X-rays or Rontgen 
rays. Electromagnetic 
waves which ionize” 
gases they pass 
through, cause 
phosphorescence 
and bring about 
chemical changes on 
photographic plates. 

' They are produced 

in X-ray tubes” and 
_ | have many applications. 


Human elbow 






* Electric field, 58; Electrode, 66; Electrons, 83; Fluorescent tube, 80 (Discharge tube); Frequency, 35; Ionization, 88; Magnetic field, 72; 


® Ultra-violet radiation (UV 
radiation). Electromagnetic waves 
produced, for example, when an 
electric current is passed through 
ionized* gas between two 
electrodes*. They are also emitted 
by the sun, but only small quantities 
reach the earth’s surface (most 
“lose” their energy by ionizing atoms 
in the atmosphere). These small 
quantities are vital to life, but larger 
amounts are dangerous. Ultra-violet 
radiation causes fluorescence, e.g. 
when produced in fluorescent 
tubes”, and also a variety of 
chemical reactions, e.g. tanning of 
the skin. 


Medium, 345; Radioactivity, 86; Transverse waves, Wavelength, 34; X-ray tube, 81. 








@ Phosphorescence. A 
phenomenon shown by 
certain substances 
(phosphors). When they 
are hit by short 
wavelength* 
electromagnetic waves, 
e.g. gamma rays or X- 
rays, they absorb these 
and emit visible light, i.e. 
waves of longer wavelength. 
This emission may continue 
after the gamma or X-rays 
have stopped. If it only 
occurs briefly afterwards 
in rapid flashes, these 
are called scintillations 
(see also scintillation 
counter, page 90). 


@ Fluorescence. A phenomenon 
shown by certain substances. 
When they are hit by ultra- 
violet radiation, they absorb 
this and emit visible light, i.e. 
light waves of a longer 
wavelength*. This emission 
stops as soon as the ultra-violet 
radiation stops. 





@ Microwaves. Very short radio 


waves used in radar (radio 
detection and ranging) to 


® Infra-red radiation (IR radiation). 
Electromagnetic waves produced by hot 
objects. They produce by far the largest 
temperature rise of any electromagnetic 
waves as they are most easily absorbed (see 
introduction and radiation, page 29). They 
can be used to form thermal images on 
special infra-red sensitive film, exposed by 
different degrees of heat, rather than light. 


Thermal image of 
lake water used as 
coolant for nuclear 
power station* 
(taken froma 
satellite). 


Warmest water 
brown, coolest 
blue. Each colour 
represents about 
one degree 
temperature 
difference. 





@ Visible light. Electromagnetic waves 
which the eye can detect. They are 
produced by the sun, by discharge tubes* 
and by any substance heated until it glows 
(emission of light due to heating is called 
incandescence). They cause chemical 
changes, e.g. on photographic film, and 
the different wavelengths* in the waveband 
are seen as different colours (see page 55). 


@ Radio waves. Electromagnetic waves 
produced when free electrons” in radio 
aerials are made to oscillate (and are 





ae : on oa ee gt Ye 


determine the position of an object 
by the time it takes for a reflected 
wave to return to the source (see 
also sonar, page 41). Microwave 
ovens use microwaves to cook 
food rapidly. 


Magnetron connected to Microwaves pass 
normal electricity supply through food 
produces microwaves. container, but not 





metal lining of 
oven. Cause water, 
fat.or sugar 
molecules in food 
to oscillate, 
creating heat 
energy and 
cooking the food. 


Waves reflected off 
oven walls, so cook 
food evenly. 


* Discharge tube, 80; Electric field, 58; Electrons, 83; Ionization, 88; Nuclear power station, 94; Wavelength, 34. 


hence accelerated) by an electric 
field*. The fact that the frequency of the 
oscillations is imposed by the field 
means that the waves occur as a regular 
stream, rather than randomly. They are 
used to communicate over distances. 


Radio waves with short wavelengths* 
can penetrate ionosphere, hence are 
used to communicate over long 
distances via satellites. 


Radio waves with long wavelengths* 
reflected within ionosphere, hence are | | 
used to transmit information from place 4 
to place on same area of earth’s 
surface. 






Ionosphere (region of ionized* gas 
around the earth) 


Earth 


46 


Light 


Light consists of 
electromagnetic 
waves” of particular 
frequencies* and 
wavelengths* (see 
pages 44-45), but is 
commonly referred to 
and diagrammatically 
represented as taking 
the form of rays. Such 
a ray is actually a line 
(arrow) which 
indicates the path 
taken by the light 
waves, 1.e. the 
direction in which the 
energy is being 
carried. 


Reflection of 
light 


Reflection is the 
change in direction ofa 
wave when it bounces 
off a boundary (see 
page 36). Mirrors are 
usually used to show the 
reflection of light (see 
right and also pages 
48-49). It must be noted 
that when an object and 
its Image are drawn in 
mirror (and lens*) 
diagrams, the object is 
assumed to be 
producing light rays 
itself. In fact the rays 
come froma source, 
e.g. the sun, and have 
already been reflected 
once, 1.e. off the object. 


Point source 
of light ' 











Example rays 













Round, flat 
obstacle 








Light bulb in box 


as. Tiny hole produces point 
source of light. 






Example rays 






Extended light 
source (consists of 
many point sources Only light from 








~— three shown). point A hits Penumbra 
screen here. ; 
No box means extended Light from points 
light source (light comes Light from points between AandC 
from all parts of bulb). between AandB (brighter still) 
(so brighter) 


® Shadow. An area which light rays cannot reach due 


to an obstacle in their path. If the rays come from a 
point they are stopped by the obstacle, creating a 
complete shadow called an umbra. If they come 
from an extended source, a semi-shadow area 
called a penumbra is formed around the umbra. 


Incident ray. Ray of light before reflection (or 
refraction“). 

Angle of incidence (i). Angle between incident 
ray and normal at point of incidence. 


Point of incidence. Point at which incident ray 
meets boundary and becomes reflected ray (or 
refracted ray”). 


Normal. Line at right angles to boundary through 
chosen point, e.g. point of incidence. 


Angle of reflection (r). Angle between reflected ray and 


normal at point of incidence. es 


Laws of reflection of light 


1. The reflected ray lies in the same plane as the 
incident ray and the normal at the point of 
incidence. 


2. The angle of incidence (i) = the angle of 
reflection (r) 


® Regular reflection. The 
reflection of parallel 
incident rays (see above) 
off a flat surface such that 
all the reflected rays are 
also parallel. This occurs 
when surfaces are very 
smooth, e.g. highly 
polished surfaces such as 
mirrors. 





* Electromagnetic waves, 44; Frequency, 35; Lenses, 52; Refracted ray, Refraction, 50; 


Wavelength, 34. 


a 





® Eclipse. The total or partial “blocking 
off” of light from a source. This occurs 
when an object casts a shadow by 
passing between the source and an 
observer. A solar eclipse is seen 


from the earth when the moon passes 
between the earth and the sun, anda 
lunar eclipse is seen when the earth 
is between the sun and the moon. 






















An aciatihieg eclipse special , } eclipse 
which consists ofabrightringrounda 
black area. It occurs when the moon, ee 


and sun are particular distances apart. 






Annular eclipse as seen from X. 











® Diffuse reflection. The reflection of 
parallel incident rays (see left) off a 
rough surface such that the reflected 
rays travel in different directions and the 
light is scattered. This is the most 
common type of reflection as most 
surfaces are irregular when considered 
on a scale comparable to that of the 
wavelength* of light (see page 44). 


Diffuse reflection 
Parallel incident rays 


Irregular surface, e.g. 
piece of paper 


Normal direction for 
each ray is different 


Scattered reflected acs A | 





@ Plane mirror. A mirror with a flat surface (see 
also curved mirrors, pages 48-49). The image it 
forms is the same size as the object, the same 
distance behind (“inside”) the mirror as the 
object is in front, and laterally inverted (the left 
and right sides have swapped round). 


@ Parallax. The apparent . 
movement of two objects 
relative to one another, as 
seen by a moving 
observer. For example, 
two objects at different 


Reflection in plane one pena = Rays hitting at right distances from a moving 
= angles are reflected train appear to move past 
Image seen where pane oe each other to someone 
reflected rays Plane mirror g 

appeartocome looking at them from the 

ae eee) Ke tea _ train window - the further 
Image distance ; ; : 

wee has come from point2. § away of the two objects 

Object distance : 

iicseila bak Incident ray B appearing to move faster 
Reflected ray A Object (from which and hence a greater 

seen here. Eye light rays are assumed distance. 

assumes it has to have originated — see 


come from point 1. reflection of light, page 46). 





* Virtual image, 49 (Image); Wavelength, 34. 








Reflection of light (continued) 


Light rays are reflected from curved surfaces, as from flat surfaces, according to 
the laws of reflection of light (see page 46). The images formed by reflection 
from curved mirrors are particularly easily observed. There are two types of 
curved mirror — concave and convex mirrors. For all diagrams showing 
reflection of light, the object is assumed to be the source of the light (see 
reflection of light, page 46) and certain points (see below), together with known 
facts about light rays passing through them, are used to construct the paths of the 
reflected rays. 


Points used to construct paths of reflected rays Principal focus or focal point (F). Special point 














(see also page 52): half-way between centre of curvature and pole of 
_— oo curved mirror, situated on principal axis. All 

Pole (P). Centre of curved mirror. ” rays travelling parallel and close to axis 

7 reflected so that they converge at principal 

pare a eee of / Width of focus (concave mirrors) or appear to have 

part. Any light tay pessing through / aperture diverged from it (convex mirrors). 

it (concave mirrors) or 

heading directly for it (convex Principal 

mirrors) reflected back on axis are , ’ 

Principal axis. Straight line running 


itself. 
through centre of curvature and pole. 


\ 


Radius of curvature (r). Distance \ 
between centre of curvature and \ 


pole. ~ 


Focal length (f). Distance between 
principal focus and pole. 


i 4 Concave mirror reflects from this side. 


Aperture. Area light passes through to hit mirror. Convex mirror reflects from this side. 


Cosenee seer e Concave or converging mirror. 


A mirror with a reflecting surface 
which curves inward (part of the 
inside of a sphere). When light 
rays parallel to the principal axis 
fall on such a mirror, they are 
reflected so that they converge at 
the principal focus in front of the 
mirror. The size, position and type 
of image formed depends on how 
far the object is from the mirror. 


Reflected rays meet at 
Light rays parallelto principal focus in front 
principal axis of mirror. 


Ray passing through 
centre of curvature 
reflected back on itself. 


Reflected rays 
converge 


Light rays parallel 


to principal axds © Convex or diverging mirror. A 


mirror with a reflecting surface 
which curves outwards (part of 
the outside of a sphere). When 
light rays parallel to the principal 
axis fall on such a mirror, they are 
reflected so that they appear to 
diverge from the principal focus 
behind (“inside”) the mirror. The 
images formed are always 

a going directly —_ ypright and reduced, and virtual 
owards centre of 


| 
<—_—_ { __—_ ‘ j 
curvature reflected images (see image). 
Reflected rays diverge back on itself. 


Convex mirror 


Reflected rays appear 
to come from principal 
focus behind mirror. 


P 


~~ 


ane 
ee 


~ ~ = 
| me/ 








focal length of the mirror or lens. An 
image may be formed either side of a 
mirror or lens, so a sign convention* 
is used to give position. 


| ® Mirror or lens formula. Gives the 
relationship between the distance of 
an object from the centre of a curved 
mirror or lens’, the distance of its 


image from the same point and the 
- ” @ Linear magnification. The 


ratio of the height of the 
image formed by a mirror or 
lens* to the object height. 


Mirror formula: Real is positive sign convention 


1. All distances are measured from 
the mirror as origin. 


2. Distances of objects and real 
images are positive. 


3. Distances of virtual images are 
negative.. 





® Principle of reversibility of light. States that, Example of linear magnification 
for a ray of light on a given path due to Virtual image is larger than. 
reflection, refraction* or diffraction’, a ray of object | 
light in the opposite direction in the same 
conditions will follow the same path. Light rays 
parallel to the principal axis, for example, are 
reflected by a concave mirror to meet at the 
principal focus. If a point source of light is 
placed at the principal focus, the rays are 
reflected parallel to the axis. 





ina et eee 
re 
rs . vs. h 
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Vina. SRC 


Caustic curve 


vB 






* Diffraction, 36; Lens, 52; 
Refraction, 37; Sign convention, |]. 
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Refraction of light 


Refraction is the change in direction of any wave as a result of its 
velocity changing when it moves from one medium” into another (see 
also page 37). When light rays (see page 46) move into a new medium, 
they are refracted according to the laws of refraction of light. The 
direction in which they are refracted depends on whether they move into 
a denser or less dense medium and are consequently slowed down or 
speeded up (see diagram below). 


Angle of incidence (i). Angle between 
incident ray and normal at point of 
incidence. 


Refraction at boundary between two media* 










Incident ray. Ray of light before refraction 


tion” Ae , ; pots 
(or reflection”) Point of incidence. Point at which incident 


ray meets boundary and becomes 


Angle of refraction (r). Angle between 
refracted ray (or reflected ray*). 


refracted ray and normal at point of 
incidence. 

Normal. Line at right angles to boundary 
through chosen point, e.g. point of 
incidence. 


If second medium denser, ray slows down 
and is refracted towards normal as here. If 
less dense, ray speeds up and is refracted 


away from normal. Refracted ray 


Laws of refraction of light 






the refractive index (n — see page 37). 
When referring to light, this is also 
known as the optical density and, as 
with refractive index in other cases, 
can also be calculated by dividing the 
velocity of light in one medium by its 
velocity in the second medium. See 
also apparent depth picture. 


l. The refracted ray lies in the same 
plane as the incident ray and normal 
at the point of incidence. 







2. (Snell’s law). The ratio of the sine* 
of the angle of incidence to the sine of 
the angle of refraction is a constant 
for two given media”*. This constant is 















For either direction, refractive index* of 
second medium’ relative to first is 
written )Np. 


Reversible diagram (see 

























roe of Meee 

of light, page 49) showing : 

: According to 
light ray passing between : : 
air and water Incident ray A Snell's law: 





Media may also be specified by subscript 
letters — ,n,, means refractive index of 
water relative to air and ,,n, means that of 
air relative to water. 








H Refracted ray B 
(further from 
normal — see 
diagram, above) 














i (ray A)/r (ray B) 





Water 










Refracted ray A — 
(closer to normal 

see diagram, 

above) 


oon 










~~ | (ray B)/ x (ray A) 








Incident ray B a 





If no subscripts are given, the value is the 
absolute refractive index". 






* Absolute refractive index, 37 (Refractive index); Medium, 345; Reflected ray, Reflection, 46; Sine, 345. 


~ 


e Apparent depth. The 
position at which an 
object in one medium* 
appears to be when 
viewed from another 
medium. The brain 
assumes the light rays 
have travelled ina 
straight line, but in fact 
they have changed 
direction as a result of 
refraction. Hence the 
object is not actually 
where it appears to be. 






it being refracted at 90° to 








Refracted 
| ray 





Angle of 
refraction 





critical angle 














to see inside the body) 








Prism. A transparent solid 
which has two plane 
‘refracting surfaces at an 


angle to each other. Prisms 


are used to produce 


dispersion* and change the 
path of light by refraction an 


* Dispersion, 54 (Colour); Medium, 345; Refractive in 


total internal reflection. 


® Critical angle (c). The particular 
angle of incidence of a ray hitting a 
less dense medium* which results in 








medium* hits the boundary between > 
them, some degree of reflectionback _ 
into the denser medium (internal _ 
reflection) always accompanies — 
Optical fibres transmit light by total internal 
reflection. Bundles of such fibres have a 


number of uses, e.g. in communications and in 
medicine (e.g. in endoscopes, used by doctors 





Apparent depth 












Rays refracted when they 
leave water 


Brain assumes light rays 
have taken straight paths 
(dotted lines), so object 
seen here. 


Real depth and apparent 
depth can also be used to 
calculate refractive index’: 





Example light 
raystom =f 
object 





Object 






This means that the refracted ray 
(critical ray) travels along the | 
boundary, and does not enter the 
second medium. 


the normal. 











Critical angle can 
also be used to 
internal calculate 
reflection refractive index’: 











incidence 
| greater 
than 

| critical 








EHR 


(Note: sine of 90° 







reflection 





_ Air | Glass Air | Glass | angie Air | ey 
e Total internal reflection. Whenlight refraction. Whentheangleof _ 
travelling fromadensetoalessdense _ incidence is greater than the critical 


angle, total internal reflection occurs, 
i.e. all the light is internally reflected. — 
(Genie «—flaterys 








Bundle of \ Be + Angleofincidence __ 
fibres LX LX greater than critical angle, 
| So total internal reflection 
; occurs. 









Prism causing total internal 
reflection 


Prism refracting ligh ‘ay 


Angle of deviation, i.e. 
angle between ray 
entering prism and ray 











Angle of incidence greater 
than critical angle 


emerging from it. 
Path of ray if it had 
not passed throug ail sata 
rism. ene 
d p = 90 


re <x 
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lens. 


_ does not change direction. 






Refraction of light (continued) 


Light rays are refracted at curved surfaces, e.g. lenses, as at flat surfaces, 
according to the laws of refraction of light (see page 50). Unlike with flat 
surfaces, though, images are formed. There are two basic types of lens, concave 
and convex lenses, which can act as diverging or converging lenses 
depending on their refractive index* relative to the surrounding medium”. For 
all diagrams showing image production by refraction, the object is assumed to 
be the light source (see reflection of light, page 46), and certain points (see 
below), together with known facts about light rays passing through them, are 
used to construct the paths of the refracted rays. The positions of objects and 


images can be determined using the mirror (lens) formula’. 


Points used to construct paths of refracted rays (see also page 48). All lenses shown are considered thin 
lenses (i.e. thickness of lens small compared to focal length). Though rays bend both on entering and 
emerging, they are drawn as bending only once, at a vertical line running through optical centre. 


Optical centre (O). Centre of lens. Light 
rays passing through it do not 
change direction. te ie 


a“ 
4 














Centre of curvature. / 

Centre of sphere of which | Example light ray 
lens surface is part. Since 

lens has two surfaces, there 
are two centres of 
curvature — notation C 
always given to centre of \ 
curvature on side of 

incident light ray (other one XN 
























is C’). \ i< 
“~ peta ol — 4 “ee a Ee 
<a “>. Concavelens 
Principal axis. A G — 
Straight line f 
running through 
centres of 


curvature and 
optical centre. 


Aperture, Area 
light passes y / | ip 
through to hit lens, \ e | ‘\ Z 


Ha 
Ne 


Glass convex lens in air acts as converging lens. 


Light rays parallel to 
Refracted rays Refracted rays prin 
meet at principal converge Se 
focus in front of f\ 
" eee = -@--—— 


=a | 


Ray passing through optical centre 





s convex lens in medium“ denser than glass acts as diverging lens. 


* Medium, 345; Mirror formula, 49; Refractive index, 37. 


Principal focus or 
focal point. Special 


point on principal axis. 


All parallel rays 
travelling close to axis 
refracted so they 
converge at principal 
focus (converging . 
lens) or appear to 
diverge from it 
(diverging lens). Since 
light can enter lens 
from either side, there 
are two principal foci — 
notation F always given 
to principal focus at 
which rays converge or 
from which they 
appear to diverge 


\, (other one is F’). 


Focal length (f). 
Distance between 
either principal 
focus and optical 
centre. 





® Convex lens. A lens 
with at least one surface 
curving outwards. A 
lens with one surface 
curving inwards and 
one outwards is convex 
if its middle is thicker 
than its outer edges (it is 
a convex meniscus). A 
glass convex lens in air 
acts as a converging 
lens. The size, position 
and type of image it 
forms (real* or 
virtual*) depends on 
how far it is from the 
object. 


® Power (P). A measure of the 
ability of a lens to converge 
or diverge light rays, given in 
dioptres (when focal length 


Glass concave I 
_ Refracted rays 


Types of 


convex lens 





Types of 


concave lens 


| © Concave lens. A lens 
' which has at least one 
surface curving 
inwards. A lens with 
one surface curving 
inwards and one 
outwards is concave if 
its middle is thinner | 
than its outer edges (it is | 
aconcave meniscus). | 
A glass concave lens in 
air acts as a diverging 
lens. The position of the 
object in relation to the 
lens may vary, but the 
image is always of the 
same type. 








is measured in metres). The 
shorter the focal length, the 
more powerful the lens. 





Glass concave lens in mediten* dens 


converging lens. . 





* Medium, 345; Real image, 49 (Image); Refractive index, 37; Virtual image, 49 (Image). 





Optical instruments 


An optical instrument is one which acts on light, using one or more 
lenses* or curved mirrors* to produce a required type of image. Listed 
below are some of the more common optical instruments. 

















Diaphragm. Series of overlapping 


e Camera. An 
metal pieces. Adjusted to alter size of 


Camera (reflex) >» 


optical instrument Prism directs aperture (central hole) and hence 
that is used to light to eye. amount of light allowed through. 
form and record Mirror directs light to Example light rays 

: and eye, so object can be from top and bottom 
an image of an seen. Flips up when picture of object at distant 


taken. 


Film. Areas hit by light 
undergo chemical reaction. 
Permanent image produced 
by developing film. 


object on film. point. 


The image is 
inverted anda 
real image”. 







Shutter. Moves || 7 






























i before (see page 52), refraction by |! Lens assembly. 
enses shown as one change of away as picture i 
nses one Produces inverted 
direction only, this time on line through is taken to allow O . Can be moved to focus 
optical centre of whole lens assembly. _ light onto film. on objeets at different distances. 
Slide projector Lenses concentrate . 
light onto slide. screen <4 @ Slide projector. 
Loy Tar uel ee ae rar Inverted, : 
| magnified An optical ; 
| image (alide instrument which 
: put in upside 
| ight "| Bown so Produces a 
picture here is magnified image 
= ——— Projection lens correctwayUP) of a slide. 


Strong light source Slide forms image on screen. 


@ Microscope. An optical instrument 
which magnifies very small objects. 
If it has only one 
lens*, it isa 
simple microscope 


Colour 


When all the different wavelengths* 
of visible light (see page 45) fall on 
the eye at the same time, white light is 


or magnifying seen. However, white light can also 

glass. If it has undergo dispersion, whereby it is split 

more, it is a into the visible light spectrum (i.e. its 
compound different wavelengths) by refraction”. 
microscope, This may occur accidentally (see 


chromatic aberration), or it may be 
produced on purpose, e.g. witha 
spectrometer. 


Eyepiece lens, Produces 
final image seen by eye 
(see below), A simple 
microscope consists olf 
this lens alone. 






Inside a 


Image formed by spectrometer 


objective lens (enlarged, 
inverted and a real 
image’ )..Acts as object 
for eyepiece lens. 







Object on transparent “~~ 
microscope slide 


lf 







Image formed by - 
eyepiece lens 
(enlarged, inverted 
and a virtual 
image”). 


Prism”. Different 
wavelengths* refracted by 
different amounts, causing 


\ Achromatic lens (see 
chromatic aberration) 
Light shone on sheet 
with central slit 


_ Strong 
light 
source 


54 * Curved mirrors, 48; Lenses, 52; Prism, 5]; Real image, 49 (Image); Refraction, 50; Virtual image, 49 (Image); Wavelength, 34. 








dispersion of white light. ‘\ 












Object (e.g. 

e star) 
Telescope. An _ considered to | 
optical nee fe L pre 
instrument Rays from top of object 
used to make considered parallel 
very distant Rays from bottom (one 

h allel 
(andtherefore’ Sucaian — 
apparently very Final image seen by — 
small) objects eye is inverted, formed 
at infinity and a virtual 
appear larger. image* 


@ Visual angle. The angle, atthe eye, oftherays ©® 
coming from the top and bottom of an object 
or its image. The greater it is, the larger the © 
object or image appears. Optical instruments 
which produce magnification, e.g. 
microscopes, do so by creating an image 
whose visual angle is greater than that of the 
object seen by the unaided eye. The angular 
magnification or magnifying power (see 
below) of such an instrument is a measurement 
of the amount by which it does so. 

















® Visible light Primary colours 
spectrum. A eg a 
display of the : ‘colours a 
cals that Se ea) 
make upa AYellow 
beam of white hrm gucigrted ce 
s coiours are an 
light. Each two that Sauce Blue AM 
colour band white light when ve conga 
represents s mixed, e.g. red and cyan. 
very small @ Primary colours. Red, blue and 
range of green light — colours that cannot 
wavelengths* be made by combining other 


coloured light. Mixed equally, 
they give white light. By mixing 
them in the right proportions, 
every colour in the visible light 
spectrum can be produced. 
Note these are the pure primary 
colours — those referred to in art 
(red, blue and yellow) only act 
as primary colours because the 
paints are impure. 


— see visible 
light, page 45. 


Face-on _ Visible light 
view spectrum YW 


Orange 


* Principal axis, 52; Virtual image, 49 (Image); Wavelength, 34. 





Red Green 


Lenses of astronomical 
telescope in normal 
adjustment 


Image formed by 
objective lens acts 
as object for 
eyepiece lens. 





Chromatic aberration or 
chromatism. The halo of 
colours (the visible light 
spectrum - see below, left) 
sometimes seen around 
images viewed through 
lenses. It results from 
dispersion (see colour). To 
avoid this, good quality optical 
instruments contain one or 
more achromatic lenses — 
each consisting of two 
lenses combined so that any 
dispersion produced by one 
is corrected by the other. 


@ Colour mixing. If white 
light is shone onto a 
pure coloured filter, 
only light of the same 
colour (range of 
wavelengths”) as the 
filter passes through 
(the other colours are 
absorbed). This is 
subtractive mixing or 
colour mixing by 
subtraction. If light of 
two different colours, 
filtered out in this way, 
is shone onto a white 
surface, a third colour (a 
mixture of the two) is 
seen by the eye. This is 
additive mixing, or 
colour mixing by 
addition. 
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Static electricity 


Electricity is the phenomenon caused by the presence or movement of 
electrically charged particles (electrons* or ions*) which exert an 
electric force*. A material is said to have a negative electric charge if it 
has a surplus of electrons, and a positive charge if it has a deficit of 
electrons. An electric current (see page 60) is the movement of electrons 
through materials and is therefore a transfer of charge — this can be 
contrasted with static electricity, which can be said to be electricity 
“held” by a material with electric charge. 






Cloth becomes equally and 
oppositely charged. 
on oer 












Some materials become 
charged when rubbed 


Ml 








a Ebonite and polythene 

— gain electrons to 
Wa | become negatively 
charged. 







Glass and acetate 
lose electrons to 
become positively 
charged. 















Negatively charged 
polythene rods 
Positively a 
charged - a 
acetate rods 






® First law of 
electrostatics. Like 
charges repel each 
other and unlike 
charges attract. A 
charged particle always 
attracts an uncharged 
particle by induction. 









@ Insulator. A material with very few or 
no electrons free to move (i.e. a bad 
conductor). Some insulators become 
electrically charged when rubbed 
because electrons from the surface 
atoms are transferred from one 
substance to the next, but the charge 
remains on the surface. 


© Conductor. A material containing a 
large number of electrons which are 
free to move (see also conductivity, 
page 62). It can therefore conduct 
electricity (carry an electric current — 
see introduction), Good conductors 
are metals, e.g. copper, aluminium 
and gold. 


@ Electroscope. Aninstrumentfor p> 
detecting small amounts of electric 
charge. A gold leaf electroscope is 
the most common type. When the leaf 
and rod become charged, they repel 
and the leaf diverges from the rod. 
The greater the charges, the larger the 
divergence of the leaf. A condensing 
electroscope contains a capacitor“ 
between the cap and the case which 
increases the sensitivity. 


Gold leaf electroscope 
Detecting charge with 


Brass Insulator | the electroscope 





Window 


Positive charge left on = 
plate and leaf — leaf 
diverges 


Gold leaf 


metal case 





* Capacitor, 59; Electric force, 6; Electrons, 83; Ions, 88 (Ionization). 


@ Induction or electrostatic induction. 
A process by which a conductor 
becomes charged with the use of 
another charge but without contact. 
Generally charges are induced in 
different parts of an object because of 
repulsion and attraction. By removing 
one type of charge the object is left 
permanently charged. 


Charging a conductor by induction 





Electrons 
held by 
rod 


Positively 
charged 
rod 











Positive 
charge 
left 


Electrons 
attracted 


® Proof plane. A small disc made ofa 
conductor mounted on a handle 
made of an insulator. It is used to 
transfer charge between objects. 









Hollow charged 
conductors have no 
charge on ae 


® Surface density. The amount of + 
charge per unit area on the surface of 
an object. It is greater where the 
surface is more curved, which leads 
to charge being concentrated at sharp 
points (see point action). Only a 
sphere has constant surface density. 






Higher surface 
density at point + 






Pear-shaped 
conductor has unequal 
charge distribution 









® Point action. The action which occurs 
around a sharp point on the surface of 
a positively-charged object. Positive 

' lons in the air are repelled by the 
large charge at the point (see surface 


density). These collide with air 
molecules and knock off electrons to 
produce more positive ions which are 
also repelled. The result is an electric 
wind of air molecules. 


ee Ey Lightning. The sudden flow of 
4 causes positive @lectricity from a cloud which has 
lonsinairto = _ become charged due to the rubbing 

















Action of 
lightning 
conductor 


Negatively 
charged cloud 


Electrons repelledto ty 
earth by cloud to leave jj; 
positive chargeon i }} 


move towards ; 
cloud, which together of water and air molecules. A 
thogemanay lightning conductor is used to help 
~_ Positive charge cancel the charge on the cloud by 
_ —_ —— point action and to conduct the flow 
lightning oceurs Of electricity down to earth so that it 
sothatcurrent does not flow through buildings. The 
point of conductor flows down ; , , she 
. conductor. lightning stroke is similar to the effect 
‘2 in a discharge tube”. 








® Van de Graaff 
generator. A machine 
used to produce Band + 
+ 
+ 


Van de Graaff gy Sphereleft @ Electrophorus. An 
generator ++ positively ; ee 
~-\& charged instrument consisting of 
a negatively-charged 
insulator and a brass 
plate on an insulating 
handle. It is used to 


electric charge from 
mechanical energy”. conductor “4X4 
A moving band collects 


S eee t fi d 
charge either by friction mee onto sphere _ produce a number of 
or from another electrical removed <== Via point positive charges from 


(by point 


action) 
+ 


source and deposits it on one negative charge. 


from band | 
an insulated conductor. 


* Discharge tube, 80; Mechanical energy, 9. 
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Potential and capacitance 


A difference in charge between any points causes an electric field, i.e. a 
force field* in which charged particles experience an electric force”. 
The intensity of an electric field at a point is the force on a unit positive 
charge at that point and the direction is that along which it would move 
(see also pages 104-107). Charged objects in an electric field have 
potential energy” (this is called potential when referring to electricity) 
because of their position. 


Electric fields of two opposite 
charges and a single point charge 


Electric force* 





e Potential. The energy associated with ee 
a charge at a point in an electric field 5 
because of the force acting on it 
(similar to the potential energy* of a 
mass due to the gravitational 
force*). The energy of a charge 
depends on its size and the potential 
of its position. A positive charge tends 
to move towards points of lower 
potential. This is moving down the 
potential gradient. Potential cannot 
be measured, but the potential difference between A and C is 5 volts. 


difference between two points can. ae | 
Vv @ Potential difference. A difference in 


potential between two points, equal 
to the energy change when a unit 
positive charge moves from one place 
to another in an electric field. The unit 
of potential difference is the volt 
(potential difference is sometimes 
called voltage). There is an energy i) 
change of one joule if a charge of one 
coulomb* moves through one volt. A 
reference point (usually a connection 

a to the earth) is chosen and givena 
potential of zero. 

move towards 


hioher potential © Equipotential. A surface over which 
at A. the potential is constant. 


3 joules needed 
to move unit 
positive charge 
from B to A. 


3 joules given 

out by unit 

positive charge : 
when itmoves If potential difference between B 
from A to B. and C = 2 volts then potential 


A has higher potential than 
B, therefore there is 
potential 

difference 

between them, 


Positive charge 
tends to move 
towards lower 
potential at B. 


Negative 
charge tends to 


* Coulomb, 60; Electric force, Force field, Gravitational force, 6; Potential energy, 8. 





Capacitance 
When a conductor’ is givenacharge Two oteaes wail 
it undergoes a change in potential. cia ea 
Capacitance or capacity is the ratio 

More charge (Q) 


of the charge gained by an object to its 
increase in potential. An object with a 
higher capacitance requires a larger 
charge to change its potential by the 
Same amount as an object witha 
smaller capacitance. 


® Farad. The unit of capacitance. It is 
the capacitance of an object whose 
potential is increased by one volt 
when given a charge of one coulomb’. 


must be given to 
larger can to give it 
same potential (V) 
— it has higher 
capacitance. 


divergence shows 
same potential. 











@ Capacitor. A device for Capacitor Diskaeieie @ Dielectric constant. 
storing electric charge, Metal plates- —_ capacitance The ratio of the 
ee Capacitance depends on : 
consisting of two increases with material used. capacitance of a 
parallel metal plates —_ al capacitor with a given 
separated by an dielectric to the 
insulating material Capacitance of the same 


called a dielectric. The 
Capacitance ofa 
Capacitor depends on 
the dielectric used, so 
one is chosen to suit the 


capacitor with a vacuum 
between the plates. The 
value is thus the factor by 
which the capacitance is 
increased by using the 





i 
capacitance needed Nn | Plate separation — given dielectric instead 
. c i Capacitance Increases 
and the physical size i ee gap getssmaller. Of a vacuum (note that 


air is almost the same). 


® Variable capacitor. A capacitor 
consisting of two sets of interlocking 
vanes, often with an air dieletric. The 
size of the interlocking area is altered 
to change the capacitance. 


Vanes swivel to 
change area 
between them. 


Variable capacitors 
are used in tuning 
circuits in radios. 





® Paper capacitor. Acapacitor made > Paper or polyester capacitor 
with two long foil plates separated by 
a thin waxed paper dielectric. 
Polyester capacitors are made ina 


similar way. 


e Electrolytic capacitor. A capacitor 
with a paste or jelly dieletric which 
gives ita very high capacitance ina — 
small volume. Due to the nature ofthe @ Leyden jar. A capacitor consisting of 
dielectric, it must be connected the a glass jar with foil linings inside and 
correct way round to the electricity out. It was one of the first capacitors 
supply. invented. 


*" Conductor, 56; Coulomb, 60. 
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Electric current 


An electric current (I) is the flow of electrons (negatively charged 
particles — see page 83) through a material and thus a transfer of electric 
charge. Electrons only move if they are in an electric field* which 
creates a difference in potential* between two places. Therefore a 
potential difference” is needed to produce an electric current. A circuit 
is a closed loop, consisting of a source of current and one or more 

- components, around which the current flows. 


emf. = 
=) -V, 


© Electromotive force p> Terminal 1 


(e.m.f.). The potential 






difference* produced 
by acell*, battery” or 
generator*, which 
causes current to flow in 
a circuit. A source of 
e.m.f. has two terminals 







| Potential* | 


ce Pe 


Potential difference* 
between two wires 


Reference 
produced by battery* 


potential 





eed 2 


(where wires are Potential above “ 
connected), between One terminal connected to reference potential*  Dyoduced by 
which it maintains a battery. 


potential difference. A 
back e.m.f. is an e.m.f. 


produced by a component = 
in the circuit which Potential 2 is zero. 4 


opposes the main e.m.f. & opin or amp (A). The SI unit* of euient One 
ampere is the current which, when flowing through 
two infinitely long wires one metre apartina _ 
vacuum, produces a force of 2 x 10°‘ newtons per 
metre of wire (see also page 96). Current is 
accurately measured by a current balance, which 
measures (by adapting the theory above) the force 
between two coils of wire through which current is 
flowing. Ammeters”* are calibrated* using current 
balances. 





lm Current 1A 


hia 


Force between each metre of wire 
2x10‘N 


® Coulomb. The SI unit* of electric > 
charge. It is equal to the amount of 
charge which passes a point ina 
conductor if one ampere flows 
through the conductor for one second. 





Cell* or battery” provides e.m.f. and causes direct 


e Direct current (d.c.). Current which current to flow. ‘ 


flows in one direction only. Originally 













current was assumed to flow froma Current is point of low 
point with higher potential to a point ein Kish liad tec 
with lower potential. Electrons potential’ to of high potential 


low potential. 


actually flow the other way, but the 


convention has been kept. Filament lamp* 


* Ammeter, 77; Battery, 68; Calibration, 344; Cell, 68; Electric field, 58; Filament lamp, 64; Generator, 78; Potential, 
Potential difference, 58; SI units, 96. 





Electrons flow from 


(positive terminal). 





® Alternating current (a.c.). 
Current whose direction ina 
circuit changes at regular 
intervals. It is caused by an 
alternating electromotive 
force. Plotting a graph of 
current against time gives the 
waveform of the current. 
Alternating currents and 
electromotive forces are 
generally expressed as their 
root mean square values (see 
picture, right). 





Electricity supply 


Power 


Electricity for domestic and industrial 
use is produced at power stations by 
large generators*. These produce 
alternating current at a frequency of 
50 or 60 Hz. 





Symbol for 

alternating Electrons flow 

e.m.f. alternately one way 
then the other. 





Graph of current 
against time 






Root mean square. 
Value used when 
specifying alternating 





CART OME Ea ° current (or e.m.f.). 
Note that peak value is 
higher. 


Time 


Most common waveform (shape is 
sinusoidal) is that produced by 
generators* 






Alternating current, unlike direct 
current, can be easily transformed 
(see transformer, page 79) to produce 
larger or smaller potential 
differences*. This means that high 
voltages and thus low currents can be 











station 





Step-up transformer” at power station 


~.. increases e.m.f. to between 100 and 400 kV. 


driven by 
steam tum 
generators to 





/ 


produce alternating Transmission 
current at 50 or 60 Hz __sélines 
with e.m.f. between 10 
and 30 kV. Small substation 
reduces e.m.f.to | Two wires from 
110 V or 240 V. substation to 
houses 


All domestic electricity > 
supplies consist of at 
least two wires froma 
substation along which 
alternating current 
flows. In some cases, 

one of the wires is 
connected to earth at the 
substation so that there 

is only one wire with 
potential* above earth. 
In some countries there tive 
is an additional wire 
connected to earthasa — 
safety measure. 


Lighting circuit 


Main fuse — wire 
which melts if 
current through it 
becomes too large. 


Neutral 
(connected to earth 
at substation) 





* Generator, 78; Potential, Potential difference, 58; Step-up transformer, 79. 





Substation reduces 
e.m.f. to between 10 
and 30 kV. 

















used for transmission, 
which reduces power 
losses in the transmission 
cables considerably. 


Factories usually have own 
transformers bécause they 
need higher e.m.f. than 

houses. 



























Outlet ——» 


Hak 
r anol 4 


eters 

Earth (conducts 
current away if fault 
in appliance) 










Other 
KR 








Controlling current 


The strength of a current flowing in a circuit depends on the nature of the 
components in the circuit as well as the electromotive force*. The 
resistance of the components and the magnetic and electric fields they 


set up all affect the current in them. 


@ Ohm’s law. The current in an object 
at constant temperature is 
proportional to the potential 
difference” across its ends. The ratio 
of the potential difference to the 
current is the resistance of the object. 
The object must:-be at constant 
temperature for the law to apply since 
a current will heat it up and this will 
change its resistance (see also 
filament lamp, page 64). Ohm’s law 
does not apply to some materials, e.g. 
semiconductors”. 


® Resistance (R). The ability of an 
object to resist the flow of current. 
The value depends on the resistivity 
of the substance from which the 
object is made and its shape. The unit 
of resistance is the ohm (Q). Electrons 
moving in the object hit atoms and 
give them energy, heating the object 
and using up energy from the source 
of electromotive force”. 


® Resistivity (p). The ability ofa 
substance to resist current. Good. 
conductors“ have a low resistivity 
and insulators* have a high 
resistivity. It is the inverse of the 
conductivity of the substance and 
increases with temperature. See 
also page 112. 


© Resistor. A device with particular 
resistance value, used to produce a 
required potential difference’. 
Resistors can have values from less >» 
than one ohm up to many millions of 
ohms. The most common type is the 
carbon resistor, made from 
compressed carbon of known 
resistivity. 


j Potential difference* V ee ’s law states: 


ite ies 

i : 

i i 
Resistance R oa: —@ 








Current I 

Example: 
Current I through 

9 V battery* resistor R = V/I 
= 9/1000 = 0.009 A 
=9mA 

1000 Q resistor 
The electrical 


power™* lost bya 
resistance is 
converted to heat 
and sometimes 
light. 


Material of 
resistivity p 






Areaa 


Resistance is 
inversely 
proportional to 
area and 


| :-— 

proportional to 

length. 
® Conductivity. The ability of a 
substance to allow the flow of current 
(see also conductor and insulator, 
page 56). It is the inverse of the 
resistivity. 
Coloured 
stripes show 


resistance 
value. 







Carbon resistor 


Symbol for resistor 


Z 





62 * Battery, 68; Conductor, 56; Electromotive force, 60; Insulator, 56; Potential difference, 58; Power, 9; Semiconductors, 65. 











e Internal resistance (r). The > 
resistance of a cell* or battery* to 
the current it causes. It is the 
resistance of the connections in the 
cell and some chemical effects (e.g. 
polarization”). The current ina 
circuit may therefore be less than 
expected. 


Types of variable 
resistor 






Moving contact 
changes length of wire 
_- included in circuit, and 
SRM hence resistance. 









Rheostat 


Contact moved around 
carbon track by 
spindle, changing 
amount in circuit, and 
hence resistance. 
Potentiometer 


® Potential divider or voltage divider. > 
A device used to produce a potential 
difference* from another, higher 
potential difference. 


Wheatstone bridge 











Unknown 
resistance 


Galvanometer* 


Resistances Rp, R; 
and R, adjusted 
until no current 
flows through 
galvanometer. 


Then Vian = Vz; i - Il, and a I, or 


= ],, and it can be shown 
that R,/R, = R,/R,. Ve 


R, is then calculated. 


® Kirchhoff’s laws. Two laws which > 
summarize conditions for the flow of 
current at an instant. The first states 
that the total current flowing towards 
a junction is equal to the total current 
flowing away from the junction. The 
second states that the sum of the 
products of resistance and current 
for each component in a circuit is 
equal to the electromotive force* 
applied to the circuit. 


* Battery, Cell, 68; Electromotive force (e.m.f.), 60; Galvanometer, 77; Polarization, 68; Potential, Potential difference, 58. 


\ 





Internal resistance is part of 


resistance of circuit. 
ro-cc-s Internal resistance 
I represented by resistor . 


symbol in cell’. 
From Ohm’s law: 





ere ee ee ee 





er | 


<q Variable resistor. A device whose 


resistance can be changed 
mechanically. It is either a coil of wire 
of a particular resistivity around a 
drum along which a contact moves 
(for high currents) or a carbon track 
with a moving contact. A variable 
resistor can be used as a potential 
divider if an extra contact is:added. It 
is then a potentiometer. 


Circuit diagram of potential divider 











Potential 
difference’ V, 


Potential” at this 
point adjusted by 
altering 
resistances R, 
and Ro». 










Potential 
difference V, 





<q @ Wheatstone bridge. A circuit used to 


measure an unknown resistance (see 
diagram). When the galvanometer* 
indicates no current, the unknown 
value of one resistor can be 
calculated from the other three. The 
metre bridge is a version of the 
wheatstone bridge in which two of the 
resistors are replaced by a metre of . 
wire with a high resistance. The 
position of the contact from the 
galvanometer on the wire gives the 
ratio R3/R, in the circuit shown. 


Kirchhoff’ first law: 









Kirchhoff’s second law: 


| 
| 
i 
| 








semiconductors 


Semiconductors are materials whose resistivity* is between that of a 
conductor and an insulator (see page 56) and decreases with increasing 
temperature or increasing amounts of impurities (see doping). They are 
widely used in electronic circuits (see also page 111). 


Controlling current (continued) 
® Series. An arrangement of ® Parallel. An arrangement of 


components in which all of the current components in which current divides 
passes through them one after the other. to pass through all at once. 


R; 
Resistors* in parallel 
R, | 
C, ae 
Capacitors" in series Capacitors* in parallel 
x ' [tae °8f C, [Seamer = 8-6 | 


© Impedance. The ratio of the potential © Inductance. The part of the 









Resistors* in series 


n-type Symbol 
semiconductor for diode 


4 


aa, p-n junction | | 


Ri 










© Doping. The introduction of a small 
amount of impurity into a 
semiconductor. Depending on the Oe ee 
impurity used, the semiconductor is 
known as either a p-type or n-type. 
Combinations of the two types are 
used to make diodes and transistors. 


Construction of 
diode 






® Diode. A device made fromone piece _—resistance* in one a dietion tahion it is 
of p-type semiconductor (see doping) __ said to be forward biased) and a 
and one piece of n-type semiconductor very high resistance in the other 








































difference* applied to a circuit to the impedance ofa cir cult due to — joined together. It has a very low direction (reverse biased). 
alternating current* which flows in changing magnetic fields affecting the 
it. It is due to two things, the current (see also electromagnetic © Half-wave Weltiwave sntilowion 
resistance” of the circuit and the induction, page 78). This happens in rectification. The use 
. ; ° ‘ . Current 
reactance. The effect of impedance a device called an inductor. of a diode to remove all ee through 
is that the e.m.f.* and current can be the current flowing in resistor* 
out of phase. hens Sc aamame one direction from 
e Reactance. The “active” part ot NN, alternating current”. Full-wave rectification 
impedance to alternating current’. aaa Current only flows one 
It is caused by capacitance* and way around the circuit. f Current 
: y Pp : : Inductor \ through 
inductance in a circuit which alter the \ eFull-wave | Alternating resistor" 
electromotive forces” as the current rectification. The current* source 
changes. conversion of : Symbol for light emitting diode e Light emitting diode 
alternating current* to \ 14 (LED). A diode witha 


e Filament lamp. A lamp consisting of © Switch. A device, normally higher resistance’ than 





direct current”. It is > 
used when direct 





a coil of tungsten wire (the filament) mechanical (but see also transistor), 3 normal, in which light is 
inside a glass bulb containing argon which is used to make or breaka current is required from. a produced instead of 
or nitrogen gas at low pressure. When circuit. Arelay* is used when a small | mains electricity. of shaped LEDs heat. 
il, i ts current is required to switch a larger 
saad . a eerie. — current on ae off - e Thermistor. A semiconductor device @ Transistor. A semiconductor, 
om : Sante at bec St tint a very _ whose resistance” varies with normally made from a combination of 
eet temperature, used to electronically the two types of semiconductor. 

high melting point and the bulb is 

. detect temperature changes. There are three connections, the 
gas-filled to reduce evaporation of the b scat ae 
tungsten Construction of transistors Symbols for ane, collector aie emitter (see 

Coiled filament “npn” “pnp” transistors < diagram). The resistance* between 

Filament lamp supported on wires transistor oo transistor npn \ ay the collector and emitter changes 









Main from very high to very low whena 
small current flows into the base. This 


aN small base current can therefore be 
used to control a much larger 
pip —--+ 


Low 
pressure ~ 
gas 


Contacts for 


current collector to emitter current. 





‘ ‘ : * Alternating current, 61; Direct current, 60; Resistance, Resistivity, Resistor, 62. 
: 64 * Alternating current, 61; Capacitance, Capacitor, 59; Electromotive force (e.m.f.), 60; Potential difference, 58; Relay, 75; 


Resistance, Resistor, 62. | / 
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Electrolysis 


Electrolysis is the process 
whereby electric current flows 
through a liquid containing ions* 
(atoms which have gained or lost 
an electron* to become charged) 
and the liquid is broken down as a 
result. The current is conducted by 
the movement of ions in the liquid 
and chemicals are deposited at the 
points where the current enters or 
leaves the liquid. There are a 
number of industrial applications. 


e Electrolyte. A compound which 
conducts electricity when either 
molten or dissolved in water. All 
compounds made from ions or which 
split into ions when dissolved 
(ionization* ) are electrolytes. The 
concentration of ions in an electrolyte 
determines how well it conducts 
electricity. 

Molten electrolyte 





Positive and 
negative ions 


__— Non-electrolyte — 
no molecules split 
up 


Molecule of 
substance 


Molecule of water 


Weak electrolyte 
some molecules 
split up 
Positive ion 

* Negative ion 


Strong electrolyte 
all molecules split 


up 


* Electrons, 83; Ions, 88 (Ionization). 


Anode 





(positive) 
Cathode 
® Electrode. A (negative) 
piece of metal as eed 
or carbon ectrolyte 
placed in an cists 
electrolyte cell 


through which electric current enters 
or leaves during electrolysis. Two are 
needed — the anode (positive 
electrode) and the cathode (negative 
electrode). An active electrode is 
one which is chemically changed 

by electrolysis; an inert electrode 

is one which is not changed. 


@ Electrolytic cell. A vessel in which 
electrolysis takes place. It contains 
the electrolyte and the electrodes. 


e Ionic theory of electrolysis. A theory 
which attempts to explain what 
happens in the electrolyte and at the 
electrodes during electrolysis. It 
states that the cations (positive ions) 
are attracted towards the cathode 
and the anions (negative ions) 
towards the anode. There they lose or 
gain electrons respectively to form 
atoms (they are said to be 
discharged). If there are two or more 
different anions, then one of them will 
be discharged in preference to the 
others. This is called preferential 
discharge. V 


Electrolysis of copper sulphate solution 


Anions attracted Cations attracted 
to anode. em iat to cathode. 










Hydroxide ions Copper ions 


preferentially preferentially 
discharge. Carbon discharge. 
electrodes 
4OH- — Cu2* + 2e7 
4e" + 2H,O — Cu 
t O» 
Oxygen 
bubbles Copper 
form on deposited 
anode. on 
cathode. 
Sulphate Hydrogen 
ions do ions do 
not not 
discharge. discharge. 


@ Faraday’s laws of electrolysis. Two 
laws which relate the quantity of 
electricity which passes through an 
electrolyte to the amount of the 
substances formed. Faraday’s first 
law states that the amount of the 
substances is proportional to the 
quantity of electricity (the 
electrochemical equivalent of a 
substance is the mass liberated by 
one ampere flowing for one second). 
Faraday’s second law states that the 
amount of the substance deposited is 
inversely proportional to the size of 
the charge on its ion. 


Electrolysis of copper sulphate solution with 
copper electrodes (copper voltameter) 


Ammeter* measures current — 







Copper if current or length of time for 
atoms give up ut which it flows is 
two electrons increased, then 
at anode and more copper 
copper ions deposited — see 
go into Faraday’s first 
solution. law. 
Cu — : 
Ze + Cu" | Each ion needs 
| two electrons to 
be deposited on 
Copper ions cathode. 
attracted to —4 Aluminium ions 
cathode and (Al°*+} would need 
deposited. half as many 
Cu”* + 2e° — Cu electrons again -— 
see Faraday’s 
second law. 


Impure metal forms the: anod 
which metal ions move to the ca 

and form pure metal. The impuritie 
fall to the bottom of the vessel. _ 


* Ammeter, 77. 





® Voltameter or coulometer. An 
electrolytic cell used for 
investigating the relationships 
between the amount of substance 
produced at the electrodes and the 
current which passes through the cell. 
For example, the copper voltameter 
(see below left) contains copper 
sulphate and copper electrodes. 


Water with small 
amount of 
sulphuric acid 
added (causes 
more hydrogen 


Hoffmann 
voltameter 










Oxygen 


Hydrogen and hydroxide 
ions to be 
At anode: produced to speed 
up experiment). 
4OH- — 4e- oo ) 
aa ee At cathode: 
2H* + 2e° — H, 
One molecule of 
oxygen produced 7 meinen of 
for every four y - g ae 
electrons. produced for 


every two electrons. 


© Hoffmann voltameter. Atype of A 
voltameter used for collecting and 
measuring the volumes (and hence 
the masses) of gases liberated during 
electrolysis. For example, electrolysis 
of acidified water produces hydrogen 
and oxygen in a two to one ratio (note 
that this also indicates the chemical 
composition of water, i.e. H2O). 








Cells and batteries 


The Italian scientist Volta first showed that a potential difference* exists 
between two different metals when they are placed in certain liquids 
(electrolytes*) and therefore that a direct current* can be produced 
from chemical energy. This arrangement is called a cell, electrochemical 
or voltaic cell. The potential difference (caused by chemical changes in 
the cell) is called an electromotive force* and its size depends on the 
metals used. A battery is a number of cells linked together. 


«-——— Voltaic pile 







<4 @ Voltaic pile. The first battery made, 
consisting of a pile of silver and zinc discs 
separated by cardboard or cloth soaked in 
salt water. This arrangement is the same as 
a number of simple cells linked together. 


Silver disc 
Zinc disc 


Cardboard or 
cloth soaked in 


salt water Action of 


ae Galvanometer* 
simple cell 









Electron fl 
e Simple cell. Two plates of different P Quine ee 


metals separated by a salt or acid plate 
solution electrolyte* (normally 


Zinc plate 


Hydrogen ions Zinc forms ions 


. (H* ) from acid ((Zn?*) in 
copper and zinc plates and dilute nd aca Athen, leases 
sulphuric acid). The simple cell only gas (H,) by electrons 
produces an electromotive force* ak araies 
for a short time before polarization Plate becomes 
and local action have an effect. Ce neeer te 

Sulphuric acid (H,SO,) 
gradually converted to 
zinc sulphate (ZnSO,). 


plate and also because a back e.m.f.* 
is set up. Polarization can be 
eliminated by adding a depolarizing 
agent, which reacts with the 
hydrogen to form water. : 


® Polarization. The formation of 
bubbles of hydrogen on the copper 
plate in a simple cell. This reduces 
the electromotive force’ of the cell, 
both because the bubbles insulate the 


Local action 


@ Local action. The production of 
hydrogen at the zinc plate ina 
simple cell. enti . 


Simple 


coll Impurity in zinc 


» hydrogen 
formed 
because of tiny 
simple cell. 


working). Local ac 
prevented by coa 
with an amalgam* 


Polarization 


Bubbles of hydrogen gas formed while 
cell in use. 


* Amalgam, 344; Back e.m.f., 60 (Electromotive force); Direct current, 60; Electrolyte, 66; Galvanometer, 77; 
Potential difference, 58. 











For example, a 10 ampere hour cell 
should produce one ampere for 10 
hours. 


® Capacity. The ability of a cell to 
produce current over a period of 
time. It is measured in ampere hours. 


! @ Leclanché cell. A cell in which 
polarization is overcome by manganese 
oxide (a depolarizing agent). This 
removes hydrogen more slowly than it is 
formed, but continues working to remove 
excess hydrogen when the cell is not in use. 
The cell provides an electromotive force* 
of 1.5 V. 


® Standard cell. A cell 
which produces an 


Leclanché cell ioe 







Carbon rod 
Porous pot 


Carbon and manganese 
oxide (depolarizing agent) 


Ammonium chloride 
solution 


® Dry cell. A version of the Leclanché cell in which 
the ammonium chloride solution is replaced by 













accurately known paste containing ammonium chloride, meaning that 
‘ and constant it is portable. The cell provides an electromotive 
electromotive force” of 1.5 V. Dry cells deteriorate slowly due to 
force”. It is used in local action, but still have a life of many months. 
laboratories for v ee naciaaing 
experimental work. cover and top 
Carbon rod 


with metal cap 


12 


® Primary cell. Any 
cell which has a 





Carbon and 


tml 





ie. Ry manganese 9 V battery — 
limited life because is oxide (e.g.inradio)is |. § V battery (e.g. 
‘ B48 Gog s (depolarizing six dry cells in iL 
the chemicals inside i lacus neal” ae 


dry cell 


= 
re ers 


it are eventually used 
up and cannot be 
replaced easily. 


Zinc 





. | 
= 4 


Ammonium 
chlonde paste 


Insulating disc 


* Electromotive force, 60; Electrolyte, 66; Internal resistance, 63; 
Series, 64. 
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Magnets 


All magnets have a magnetic field* around them, and a magnetic 
force* exists between two magnets due to the interaction of their fields. 
Any material which is capable of being magnetized (can become a 
magnet) is described as magnetic (see ferromagnetic) and becomes 
magnetized when placed in a magnetic field. The movement of charge 
(normally electrons*) also causes a magnetic field (see | 
electromagnetism, pages 74-76). 






Suspended —_@ Pole. A point in a magnet at which its 
"a— bar magnet : 

magnetic force* appears to be 
concentrated. There are two types of 
pole — the north or north seeking 
pole and the south or south seeking 
pole (indentified by allowing the 
magnet to line up with the earth’s 
magnetic field*). All magnets have 
an equal number of each type of 
pole. The first law of magnetism 
states that unlike poles attract 
and like poles repel. 


North pole points 
to magnetic north’. 


South pole points 
to magnetic south”. 


First law of 
magnetism 


Like poles 


Unlike poles scr 


attract. P 


® Magnetic axis. A line joining the 
north and south poles of a magnet, 
about which its magnetic field* is magnetic 
symmetrical. axis 








© Ferromagnetic. Describes a material © Soft. Describes a ferromagnetic 
which is strongly magnetic (i.e. is material which does not retain its 
magnetized easily). Iron, nickel, magnetism after being magnetized, 
cobalt and alloys of these are e.g. iron. Magnets made from these 
ferromagnetic, and are described as materials are called temporary 
either hard or soft. Sintered materials magnets. Residual magnetism is the 
(made by converting various mixtures small amount of magnetism which can 
of powders of the above metals into be left in magnetically soft materials. 
solids by heat and pressure) can be 
made magnetically very hard or soft 
by changing the metals used. 


Hard ferromagnetic 
materials are used as 
permanent magnets, e.g. 
as compass needles. 





@ Hard. Describes a ferromagnetic 
material which does not easily lose its 
magnetism after being magnetized, 
e.g. steel. Magne ts made from these 
materials are called permanent 
magnets. 


Soft ferromagnetic 
materials are used 
as cores* in 
electromagnets* 


* Core, 74; Electromagnet, 75; Electrons, 83; Magnetic field, 72; Magnetic force, 6; Magnetic north, Magnetic south, 73. 


























® Susceptibility. A 
measurement of the ability 
of a substance to become 
magnetized. 


Magnetization Induced 
magnetism 







Magnetic material outside 


When an object is 
magnetic field* 
















Ferromagnetic materials | Magnetized, all the 

have a high susceptibility. | dipoles become aligned 
(see domain theory). 

Unmagnetized _ This only happens when 

magnetic material ‘ eu. 

: the object is ina North end of 
— . * ‘ dipoles attracted to : 
magnetic field* and is acu pale al Magnetic 
called induced magnet — object force* always 
becomes attracts. 










magnetism. magnetized. 







All dipoles 






eect @ Single touch. A method of magnetizing an object by 
Bats) hata stroking it repeatedly with the pole of apermanent 
domains cancel magnet (see hard). Magnetism is induced in the 
saessaplai sor ti object from the magnetic field* of the magnet. 





Methods of magnetization (all 
involve induced magnetism) 





Magnetized 


® Divided touch. A 
method of magnetizing 
an object by stroking 
it repeatedly from the 
centre out with the 

: opposite poles of two 
Dividedtouch permanent magnets 







Domains ordered 





"ke eo 





When completely 
ordered (as here), 
magnet cannot 





Single touch 





become stronger 7 
_ it is saturated. i (see hard ). Magnetism 
onsequent eva 4 i 
Dounin tedciew davlaine wie poles are is induced in the object 
produced when 






magnets retain their poles when 
broken. 


fie poles are from the magnetic 


usedindivided field* of the magnets. 
touch. 


© Demagnetization. The removal of magnetism 
from an object. This can be achieved by placing 
the object in a changing magnetic field*, such as 
that created by a coil carrying alternating 
current*. Alternatively, the dipoles (see domain 
theory) can be excited to point in random 
directions by hammering randomly or by heating 
above 700°C. 


® Self-demagnetization. p Self-demagnetization of bar 
Loss of magnetism by a ge 
magnet because of the ro Pee 
attraction of the dipoles turn. 


(see domain theory) for 








Two magnets formed; each 
with a north and south pole. 





A 

® Domain theory of 
magnetism. States that 
ferromagnetic materials 
consist of dipoles or 
molecular magnets, 
which interact with each 
other. These are all 





















arranged in areas called the opposite poles of 
domains, in which they all the magnet. It is 

point in the same direction.| reduced using pieces of 
A ferromagnetic material soft iron (called 
becomes magnetized keepers) arranged to 
when the domains become} forma closed loop of 
ordered (i.e. aligned). poles. 







* Alternating current, 61; Magnetic field, 72; Magnetic force, 6. 


Magnetic north 


Magnetic fields | 4h . ag tis in a : | eo —. 


















. s s ; ; hac | / ee a |. of earth acts 
A magnetic field is a region around a magnet (see page 70) in which  . ..,.. = | J pages 
objects are affected by the magnetic force*. The strength and direction Ta nere > w ere ~ — porthpole = TA vate 
of the magnetic field are shown by magnetic field lines. | Eee. es ee F aoe 
: ; _ — / | Bingnetic 
e Magnetic field lines or flux ere. Plotting compass _ Ws geograpni a _ north. 
lines. Lines which indicate the Plotting oe = %) ae. pase . . No 
direction of the magnetic field ec a recordings 
around a magnet. They also magnet | 


show the strength of the field 
(see magnetic flux density). 
The direction of the field is that Complete plot of 





in which a north pole* would neater. 
move due to the field. Magnetic _ indicate direction) 
field lines are plotted by Hictheaaedtietiets s 


sprinkling iron filings around a density — strong 
. magnetic field 
magnet or by recording the 
direction of a plotting compass Low magnetic 
: flux density — 
(a small compass with no weaker 
directions on it)at various points. ™agnetichield // 


To geographic no 


To magnetic north 
This plane is the magnetic meridian. 





_ meridian (towards = sail ata 
oint. The position of magnetic north is 
nging and so the declination _ pirection of 


iron filings around . magnetic field 
magnet : alters slowly with time. — - agnetic fie \ 


e Magnetic flux density. A > 
measurement of the strength of 
a magnetic field at a point. This 
is shown by the closeness of the 
magnetic field lines to each other. 
Magnetic flux density is normally 
highest around the poles’. 


~- Magnetic field 
lines created by 
opposite and like 
poles* placed 
together 


Freely suspended 
Iron filings line up magnet 

due to induced 4 | 
magnetism’. 


# Isogonal lines. Lines j joining places with equal 

declination. These are redrawn from time to _Horizontalline on 

aie ee NN time because of the changing direction of the pes 
® Diamagnetism. Magnetism earth's magnetic field. A 
displayed by some substances 
when placed in a strong 
magnetic field. A piece of 
diamagnetic material tends to 


* Inclination or dip. The Se between a honeee a 
on the surface of the earth and the direction of the - 
earth’ ‘magnetic field at a point. Iti is oe using 4 a 





spread magnetic field lines out p cire ae (see picture). _ 
and lines up with its long side e Isoclinal line. A line linking places with the : same » inclina i 
perpendicular to them. This 

























effect is caused by electrons* @ Permeability. A alias 2 & Shielding o or 
Neutral Neutral points (marked being disturbed. measure of the higher screening. The 
point with a dot) created by . ; ‘iat permeability than . 
magnet with south pole*’ @ Paramagnetism. Magnetism ability ofa ae use of soft magnetic 
A eee are displayed by some substances | substance to Magnetic field material to stop a 
e Neutral point. A point of zero magnetism when placed in a strong / “conduct” a concentrated ~ magnetic field from 
(the magnetic flux density is zero). It magnetic field. A piece of magnetic field. Rae? reaching a point, 
occurs where two or more magnetic fields paramagnetic material tends to Soft iron is much le tan effectively by 
interact with an equal but opposite effect. A concentrate magnetic field more permeable “conducting” the 
bar magnet suspended along the magnetic lines through it and lines up with than air, so the ebeagar ies a _— field away. This is 
meridian, with the south pole* pointing to its long side parallel to them. It is magnetic field tends ae mane used in sensitive 
the north, has two neutral points in line with caused by dipoles* moving to be concentrated cata ed . | instruments, e.g. 
its magnetic axis”. slightly towards alignment. ) through it. very high permeability. (Ss oscilloscopes. 






712 * Dipole, 71; Electrons, 83; Induced magnetism, 71; Magnetic force, 6; Magnetic axis, Pole, 70. * Magnetic axis, Pole, 70. 
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e Ampere’s swimming rule. States that 


Electromagnetism 


An electric current flowing through a wire 
produces a magnetic field (see pages 72-73) 
around the wire, the shape of which depends on 
the shape of the wire and the current flowing. 
These magnetic fields can be plotted in the 
same way as for permanent magnets”. This 
effect, called electromagnetism, is used in 
very powerful magnets and also to produce 


motion from an electric current. Cross-section of magnetic field due to wire 


carrying current directly into paper. 

@ Coil. A number of turns of current- 
carrying wire, produced by wrapping 
the wire around a shaped piece of 
material (a former). Examples are a 
flat coil and a solenoid. 


the north end of a compass needle 
placed near a current-carrying wire 
will be deflected towards the left 
hand of a person imagined to be 
swimming in the direction of the 
current and facing the wire. 

Ampere’s swimming rule 


e Flat coil or plane coil. A coil of wire 
whose length is small in comparison 
with its diameter. 






.-© Solenoid. A coil whose length is large 





Compass below wire 


Compass above wire 


@ Maxwell’s screw rule. States that the 
direction of the magnetic field around 
a current-carrying wire is the way a 
screw turns when being screwed in 


the direction of the current. - 





r 


Direction 
of current 


Direction 
of field 


® Right-hand grip rule. States that the 
direction of a magnetic field around a 
wire is that from the base to the tips of 
the fingers if the wire is gripped by 
the right hand with the thumb pointing 


in the direction 
of the current. Yirection 
of current 
Right hand grip rule | / 
Direction ——~ 


of field 






* Ferromagnetic, 70; Permanent magnets, 70 (Hard); Pole, 70. 


in comparison with its diameter. The 
magnetic field produced by a 
solenoid is similar to that produced by 
a bar magnet. The position of the 
poles* depends on the current 
direction (see diagram). 


Core. The material in the centre ofa 
coil which dictates the strength of the 
field. Soft ferromagnetic* materials, 
most commonly soft iron, create the 
strongest magnetic field and are used 
in electromagnets. 


Solenoid V 









oe = Anticlock- 
a wise 
looking at ame 
end gives ee Curre 
areal Region inside is looking at 
pole’. core. This solenoid end gives 
is air-cored. north pole. 





Magnetic field of solenoid above (slice taken lengthways) 
v Current going down wires 
eeeeeoeoeooeaeeees 











Lh 
Current coming up wires 





® Electromagnet. A solenoid witha 
core of soft strongly ferromagnetic* 
material. This forms a magnet which 
can be switched on and off simply by 
turning the current on and off. 
Practical electromagnets are 
constructed so that two opposite 
poles* are close to each other, 
producing a strong magnetic field. 
The electromagnet has a number of 
applications, some of which are 
shown below. 


Applications of electromagnets 





Electromagnet formed from two solenoids with iron 
cores and iron piece between ends. 





Wire wound in opposite directions in each solenoid to 
produce opposite poles*. 


Electromagnets have a large number of applications, all of which use the fact 
that they attract metals when they are switched on and therefore convert 
electric energy* to mechanical energy”. In two of the following examples, 
sound energy is produced from the mechanical energy. 


@ Electric buzzer. A device which > 


produces a buzzing noise from direct Electric bell 


current*. A metal arm is attracted by 
an electromagnet, moves towards it, 


Arm attracted 
by magnet. 


and in doing so breaks the circuit 
carrying current to the electromagnet. 
The arm is thus released and the 
process is repeated. The resulting 
vibration of the arm produces a 
buzzing noise. In the electric bell, a 
hammer attached to the arm 
repeatedly strikes a bell. 





Pressing switch* 
closes circuit to 


Electromagnet activate magnet. 


@ Earpiece. A device used to transform 
electrical signals to sound waves. The 
permanent magnet” attracts the metal 
diaphragm, but the strength of this 
attraction is changed as changing 
current (the incoming signals) flows 


® Relay. A device in which a switch’ is 
closed by the action of an 
electromagnet. A relatively small 
current in the coil of the 
electromagnet can be used to switch 

through the coils of the on a large current without the circuits 

electromagnet. The diaphragm thus being electrically linked. 

vibrates to produce sound waves. Pivot 

Changing current in 

Earpiece Y - 


Switch* 
contacts 


Electromagnet 





* Direct current, 60; Electric energy, 9; Ferromagnetic, 70; Mechanical energy, 9; Permanent magnets, 70 (Hard); Pole, 70; 
Switch, 64. 
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Electromagnets continued — the motor effect 


The motor effect occurs when a current-carrying wire goes through a magnetic 
field. A force acts on the wire which can produce movement. This effect is used 
in electric motors, where mechanical energy” is produced from electric 
energy*. The effect can also be used to measure current (see page 77), since the 


force depends on its magnitude. 


Fleming’s left-hand rule or motor p> 
rule. The direction of the force ona 
wire Carrying a current througha 
magnetic field can be worked out 
with the left hand (see diagram). 


Electric motor. A device which uses 





Fleming’s left-hand rule Force, and 
hence motion 


Field 


“*— Current 


the motor effect to transform electric ® Barlow’s wheel. A spiked, brass wheel 


energy* to mechanical energy*. The 
simplest motor consists of a current- 
carrying, square-shaped, flat coil*, 
free to rotate in a magnetic field (see 
diagram). Motors produce a back 
e.m.f.* opposing the e.m.f. which 
drives them. This is produced 
because once the motor starts, it acts 
as a generator™* (i.e. the movement of 
the coil in the field produces an 
opposing current). 


Simple electric motor 


Commutator. A ring split into two or more pieces, via 
which current enters and leaves the coil* of an electric 
motor. It ensures that the current enters the coil in the 
correct direction to make the motor rotate in one 
direction continuously. 

Poles of horseshoe 
magnet produce 
magnetic field. 


Brushes. Contacts, normally made 
of carbon, through which current 
enters the commutator in an 
electric motor, 






Lrmature - 


Commutator 


Brushes 


Combined fields of coil and 
magnet (viewed along wire in Coil) 


Downward force produced on this 
side of coil — combines with 
upward force on other side of coil 
to turn coil. 


in a magnetic field. Current enters 
at its centre and leaves from a spike 
which dips into mercury. The motor 
effect makes the wheel turn as the 
spikes dip into the mercury in turn. 


® Field windings. Sets of coils* around 


the outside of an electric motor, 
which take the place of a permanent 
magnet to produce a stronger 
magnetic field. This increases the 
power of the motor. 


® Loudspeaker. A device which uses 


the motor effect to transform 
electrical signals into sound waves”. 
It consists of a coil* in a radial 
magnetic field (the direction of the 
field at any point is towards the 
centre). As the current changes, the 
coil, which is attached to a paper 
cone, moves in and out of the field 
(see diagram). The paper cone 
vibrates the air, producing sound 
waves which depend on the strength 
and frequency of the current. 


Loudspeaker 





Two poles of magnet 
produce radial field. 


Coil* moves up and 
down, vibrating 
diaphragm to produce 
sound waves, 


Changing 
current in 


* Back e.m.f., 60 (Electromotive force); Coil, 74; Electric energy, 9; Generator, 78; Mechanical energy, 9; Sound waves, 40. 


Electric meters 


Current can be detected by placing a suspended magnet near a wire and 
observing its deflection. This idea can be extended to produce a device 
(a meter) in which the deflection indicates on a scale the strength of the 
current. The current measuring device can then be adapted to measure 
potential difference”. 
e Galvanometer. Any 

device used to detect a 
direct current* by 


Moving coil Retum spring Pointer 


galvanometer 













: ‘ Scale 
Coil* of wire 
carries current 


: : : : Counterweight 
registering Its magnetic ee 
effect. The simplest is a 

Soft iron 
compass placed near a ieee 
wire to simply show conducts 

magnetic field. 


whether a current is 
present. The moving: 
coil galvanometer uses 
the motor effect to 


Horseshoe 
magnet 











Radial magnetic field due 


show a deflection ona Ci en Pea 

: Force oncoil (see motor 
scale (see diagram) ; effect, page 76) increases 
Ammeter with current. 


measures 
current flowing 


e Ammeter. A device used to measure 
between A and 
B 


current. It is a version of the moving 
Scale coil galvanometer, designed so that 
a certain current produces a full 
scale deflection, i.e. the pointer 
moves to its maximum position. To 
measure higher currents a shunt is 
added (see diagram). A larger 

current now produces full scale 
deflection on the new scale. 

4— Voltmeter connected between two 


points (A and B) with potential | 
difference”. 


Circuit symbol for ammeter 


Galvanometer 


Shunt — value chosen so that when maximum 
current to be read flows, current through 
galvanometer gives full scale deflection. 







® Voltmeter. A device used to measure 


the potential difference* between A 6 Circuit 










two points. It is a galvanometer symbol for B ) Galvanometer 
by thet ‘nt aha biel voltmeter a with 
etween the two points with a hig ae: @M resistance* in 


series* with 
coil* 


resistance” in series*. A certain 
potential difference produces the 
current for a full scale deflection 
(see ammeter). To measure higher 
potential differences, a multiplier is 
added (see diagram). 










Multiplier — value chosen so that current 
through galvanometer gives full scale 
deflection (see ammeter) when maximum 
potential difference* to be measured is 
applied. 





@® Moving iron meter. A meter in 
which the current to be measured 
induces magnetism in two pieces of 
iron which attract or repel each other 
to produce a deflection. 


® Multimeter. A galvanometer 
combined with the shunts (see 
ammeter) and multipliers (see 
voltmeter) necessary to measure 
currents and potential differences”. 


* Coil, 74; Direct current, 60; Potential difference, 58; Resistance, 62; Series, 64. 












Electr OomMmag netic induction ® Self-induction. The induction of an e@ Eddy current. A current set up ina 


electromotive force in a coil* of wire piece of metal when a magnetic field 


Michael Faraday found that, as well due to the current inside it changing. around it changes, even though the 

as a current passing through a For example, if the current ina coil is metal may not be part of a circuit. 

magnetic field producing movement switched off, the resulting change in Eddy currents can cause unwanted 
the magnetic field produces an heat energy, e.g. in the iron core ofa 


(see motor effect, page 76), movement 
of a conductor* ina magnetic field 
produces an electromotive force” in 
the conductor. This effect, called 
electromagnetic induction, happens 909 


electromotive force across the coil, in transformer. 
some cases much higher than that of 
the original. 






Transformers 








Turns ratio. The ratio of the number 























































whenever a conductor is placed ina Electromotive force* induced by wire moving A transformer consists of two of tus in the primary coil ina 
changing magnetic field. a be Cadre = ‘coils* of wire wound onto the same transformer to the number of tums in 
; galvanometer*. core* of soft ferromagnetic* material. the secondary coil. The turns ratio is 
¢ Faraday’s law of induction. States e Fleming's right-hand rule or It is used to change an alternating also the ratio of the electromotive 
that the size of an induced | dynamo rule. The direction of an electromotive force inone ofthe coils force in the primary coil to the 
electromotive force in a conductor* is induced current can be worked out to a different e.m.f. in the other coil, electromotive force in the secondary 
proportional to the rate at which the from the direction of the magnetic e.g. in electricity supply, see page 61. _ coil. 
magnetic field changes. field and the movement by using the Hardly any energy is lost between the Aiea coli ait U. 
e Lenz’s law. States that an induced ee ee ae two circuits in a well designed Pee ans 
electromotive force always acts to Fleming's | <—— Motion —> transformer. 
oppose the cause of it, e.g. in an a Field. Simple transformer Soft iron core - 
electric motor*, the e.m.f. produced normally laminated to 
because it acts as a generator a cate pice hic 
opposes the e.m.f. driving the motor. a > the e.m.f. Vz 
car 6 ~—S—S—rss—=a“i‘(‘iaéaédhsé( DéidLCi re : Step-up transformer. A transformer 
@ Generator or dynamo. A simple generator horseshoe rf in which the electromotive force in the 






device used to produce magnet 


electric current from 
mechanicalenergy*.Inthe _Fiatcoil* 
simplest generator (see oo“ 
diagram), an alternating 
electromotive force is 
induced in a coil’ as it 
rotates in a magnetic field. A 
generator for direct current* 
has a commutator“, as on an 


secondary coil is greater than that in 
the primary coil. The turns ratio is 
less than one. 

Step-up transformer 


a 








e.m.f. between 
contacts as 
coil rotates. 
















Secondary coil — 
applied here e.m.f. induced here “Ny 







Primary coil. The coil* ina 
transformer to which an alternating 





Primary coil i Secondary coil 








Current e 3 : ‘ ‘ ; ? 
electric motor", which ened electromotive force is applied in ® Step-down transformer. A 
: via rings which order to produce an electromotive transformer in which the 

means the current always harteny ntti ; : .; 

! ate with it, force in the secondary coil. electromotive force in the secondary 
flows in the same direction. oft : 

en ae coil is less than that in the primary 
¢ Mutual induction. The induction ofan _iyon ring ® Secondary coil. The coil* ina coil. The turns ratio is greater than 
transformer in which an alternating one. 






electromotive force in a coil* of wire by ae 
Prim. 


: " ; Step-down transformer 
changing the current in a different coil. - - 


electromotive force is induced by the 













The changing current produces achanging electromotive force applied to the 0 

magnetic field which induces a current Sel i es : primary coil. Some transformers [\y PJ 
in any other coil in the field. This was first “conducts” fields Closing or opening switch* causes have two or more secondary : 
demonstrated with Faraday’s iron ring. nen Cone, ae ada : coils. Primary coil l— Secondary coil 






circuit. 


* Coil, Core, 74; Ferromagnetic, 70. 


78 * Brushes, 76; Coil, 74; Commutator, 76; Conductor, 56; Direct current, 60; Electric motor, 76; Electromotive force, 60; . 
Galvanometer, 77; Mechanical energy, 9; Pole, 70; Switch, 64. 
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Cathode rays 


A cathode ray is a continuous stream of electrons (negatively-charged | 
particles — see page 83) travelling through a low pressure gas ora 
vacuum. It is produced when electrons are freed from a metal cathode* 
and attracted to an anode”. Cathode rays have a number of applications, 
from the production of X-rays” to television, all of which involve the use 
of a shaped glass tube (called an electron tube) containing a low 
pressure gas or a vacuum for the rays to travel in. The rays are normally 
produced by an electron gun, which forms part of the tube. 


@ Maltese cross tube. An electron 
tube in which the cathode ray is 
interrupted by a cross which casts a 
“shadow” ona fluorescent* screen at 
the end of the tube. This shows the 
electrons are moving in straight lines. 


@ Electron gun. A device which 
produces a continuous stream of 
electrons (a cathode ray). It consists 
of a heated cathode* which gives off 
electrons (this is called thermionic 
emission) and an anode* which 
attracts them to form a stream. 

















Maltese cross tube Cross mounted in tube 
Typical experimental electron tube XT 
Low voltageto Cathodes <2 i ae 
w voltage to a © , > fi 
heat cathode. / - Cathode ray Cathode" Anode" f 


‘ 





High voltage _A 
(thousands of volts) 
to accelerate 
electrons. 


= When beam 
passes through 
magnetic field, 
it obeys 
Fleming’s left- 
hand rule’, 
since itis a 
current. 






Anode* 
Fluorescent* 
screen with 
shadow of 
cross 


| Electron gun id 


Vertical magnetic field 
produced by magnets above 
and below tube 


Beam bends to left 





light at the same time. The colour of 
the light depends on the gas used, 
e.g. neon produces orange light (used 
in advertising displays) and mercury 
vapour produces blue-green light 
atoms, causing these atoms to split (used for street lighting). Discharge 
into more ions and electrons, and emit tubes use up to five times less 

- electricity than other lighting. A 
Cathode" fluorescent tube is a discharge tube 


® Discharge tube. A gas-filled glass 
tube in which ions” and electrons are 
attracted by the electrodes* and 
move towards them at high speed. As 
they do so, they collide with gas 





«<High voltage —» 








aaa | co) filled with mercury vapour, which 
| @ am. \ j ‘i ‘ Re * a - 
j= * , - x emits ultraviolet radiation*. This hits 
Si a deveted te nee ese the inside of the tube, causing its 
to anode. attracted to coating of special powder to give out 





cathode. 


visible light* (see fluorescence, 
page 45). 


Ions and electrons hit gas ators to 
produce positive ions, electrons and 
light. 


* Anode, Cathode, 66 (Electrode); Fleming’s left-hand rule 76; Fluorescence, 45; Ions, 88 (Ionization); Ultraviolet radiation, 44: 
Visible light, 45; X-rays, 44. 














@ X-ray tube. A special electron tube 
used to produce a beam of X-rays*. A 
cathode ray hits a tungsten target 
which stops the electrons suddenly. 
This causes X-rays to be produced in 
a beam. 


The cathode ray oscilloscope 





The cathode ray oscilloscope (CRO) 
is an instrument used to study currents 
and potential differences*. A cathode 
ray from an electron gun produces a 
spot on a fluorescent* screen. In 
normal use, the ray is repeatedly 


swept across the back of the screen at 
Components of oscilloscope Anodes* 
accelerate 


them into fine ray. 


Heated 

cathode* 
produces 
electrons. 


A 
4 ee 
oO 
¥ . si a " 
Mi) if, 
j UL 
‘ " 


Control grid. By varying 
voltage here, number of 
electrons in ray and thus 
bnghtness of spot can be 
controlled. 


vertically. 


Oscilloscope controls 






Timebase. If switched on, spot 
automatically moves across screen at 
speed selected, jumping back once it 
has crossed. 


Gain. Controls degree of vertical 

movement of spot produced by signal ——— 
input. It sets number of volts needed to 
move spot one graduation on screen. 


X-shift and Y-shift. Used to adjust 
horizontal and vertical position of whole 
trace on screen. 


Television 


Television pictures are reproduced by 
using an electron tube in which the 
cathode ray scans across the screen 
varying in strength according to the 
signal. Different levels of light, 
according to the strength of the ray, 
are given off from different parts of the 
screen to produce a picture. 


eo — oy electrons and focus 







Deflection system. Two sets of plates 
which control position of spot on screen. 
X-plates used to move spot horizontally 
across screen under control of timebase 
and Y-plates, linked to signal, move spot 





* Anode, Cathode, 66 (Electrode); Fluorescence, 45; Potential difference, 58: X-rays, 44. 


Low 
voltage to 
heat 

cathode 


» ~— High__» 
voltage 


ee ny 








produced 





a selected speed and so produces a 
visible trace across the front. If a signal 
is fed into the oscilloscope, the vertical 
position of the beam will change 
according to the strength of the signal 
and the trace on the screen then shows 
this change over time. 












Fluorescent* screen 
glows where ray hits it, 
producing visible spot. 
This moves about 
screen depending on 
deflection of ray 
produced by plates. 
Outside of screen 
marked with 
graduations so that 
readings can be taken 
from it. 

















Brightness and 
focus control — 
see 
components 
above 








Signal 
inputs 



















Picture Varying current to 
made from magnetic coils of wire 
series of makes ray scan screen. 
lines on 


screen. 


Signal vanes strength 
of ray from electron 


gun. 



















@ Rutherford-Bohr atom. A 


® Nucleus (pl. nuclei) or atomic 


Atomic structure 


A great deal has been learnt about the physical nature of atoms (see also 

page 4) since Greek philosophers first proposed that all matter was , 
made of basic indivisible “building blocks”. It is now known that an atom 

is not indivisible, but has a complex internal structure, consisting of many 

different smaller particles (subatomic particles) and a lot of empty space. 


Rutherford-Bohr atom model 


— 





“solar system” representation 
of an atom, devised by Ernest 
Rutherford and Niels Bohr in 
1911. It is now known to be 
incorrect (electrons have no 
regular “orbits” — see 
electron shells). 







Positively-charged 
“sun” (heavy nucleus — 
thought at the time to 
be just protons; neutron 
not yet discovered) 


Negatively-charged ————_ 
“planets” (electrons) kept 

in “orbits” by electric 

force” of attraction 


® Protons. Positively charged particles 
in the nucleus. The number of 
protons (atomic number) identifies 
the element and equals the number of 
electrons, so atoms are electrically 


nucleus. The central core of an atom, 
consisting of closely-packed 
nucleons (protons and neutrons). 





Nucleus - Proton (mass 
ee the approx. 1836 neutral. 
mass of the times that of an 


@ Neutrons. Electrically neutral 
particles in the nucleus. The number 4 
of neutrons in atoms of the same 
element can vary (see isotope). 


atom, but very 
tiny — its radius 
is approx. 
Yiooooth that of 
the atom) 


electron) 


Neutron (mass approx. 1840 times that 
of an electron) 


e Mass number (A). The number _ The mass and atomic numbers are often written with 














(nucleons) in a nucleus. It is the 42 i (BR) shows 
whole number nearest to the nucleus has 12 
relative atomic mass of the oe 
atom, and is important in a eae a 
identifying isotopes. oJ shows 6 of 
| . oe 
e Atomic number (Z). The Neutron number (N) = A - Z Og 
number of protons in a nucleus son-6 > o0e@ 
(hence also the number of eae a 


(A) shows 
nucleus has 23 
nucleons. 


electrons around it). All atoms 
with the same atomic number 
are of the same element (see 


23 





Q Atomic 









also isotope). 3B) DO ODM tnuber@) 
dy shows 11 of 
e Neutron number (N). The 11 baie oe 


number of neutrons in a 


Neutron number (N) = A-Z 
nucleus. See also graph, page 87. 


SoN = 12 


900006 | 





*Electric force, 6. 


® Electrons. Particles with a negative 
charge and very small mass. They 
move around the nucleus in electron 
shells. See also proton. 


® Electron shells or energy levels. 


Regions of space around a nucleus 
containing moving electrons. An 
atom can have up to seven (from the 
inside, called the K, L, M, N, O, P and 
Q shells). Each can hold up toa 
certain number of electrons (the first 
four, from the inside, can take up to 2, 
8, 18 and 32 electrons respectively). 
The further away the shell is from the 
nucleus, the higher the energy of its 
electrons (hence the name energy 
level). The outer shell is the last shell 
with electrons in it. If this is full or has 
an octet (8 electrons), the atom is very 
stable (see page 84). 

The positions of electrons in their 
shells cannot be exactly determined 
at any one time, but each shell 
consists of orbitals, or probability 
clouds. Each of these is a region in 
which one or two electrons are likely 
to be found at any time. 


element, with the same atomic 
number, but different neutron 
numbers and hence different mass 
numbers. There are isotopes of every 
element, since even if only one natural 
form exists (i.e. the element is 
monoisotopic), others can be made 
artificially (see radioisotope, page 86). 
Mass numbers are used with names or symbols when 
isotopes are being specified: 


6 protons 
8 neutrons 


6 protons 
6 neutrons 





6 electrons 
Carbon-14 or '4C 


2 neutrons 


6 electrons 
Carbon-12 or '*C 








Five more 
possible shells 


Modern model 
(simplified), 
carbon-12 isotope 












Nucleus 


First electron 
shell (K shell) 
has two 
electrons. 


Outer shell (L 
shell) has four 
electrons. 


One orbital of two 
electrons makes 
up first electron 
shell. 







Nucleus 


Three different 
orbitals make 
up outer shell: 


; 


Orbital of one 


electron (green 
area) 

Orbital of two Orbital of one 

electrons (pink electron (yellow 

area) area) 


@ Isotopes. Different forms of the same ® Relative atomic mass. Also 


called atomic mass or atomic 

weight. The mass of an atom in 

unified atomic mass units (u). Each: 

of these is equal to “12 of the mass of a 
carbon-12 atom (isotope). The relative _ 
atomic mass of a carbon-12 atom is thus | 
12 u, but no other values are whole | 
numbers, e.g. 26.9815 u (aluminium). 

The relative atomic mass takes into 
account the various isotopes of the 
element, if these occur in a natural 
sample. Natural chlorine, for example, 
has three chlorine-35 atoms to every 
one of chlorine-37, and the relative 
atomic mass of chlorine (35.453 u) is a 
proportional average of the two 
different masses of these isotopes. 
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e Binding energy (B.E.). The energy input 





Atomic and nuclear 
energy 


All things, whether large objects or 
minute particles, have a particular 
energy state, or level of potential 
energy” (“stored” energy). Moreover, 
they will always try to find their lowest 
possible energy state, called the ground 
state, which is the state of the greatest 
stability. In most cases, this involves 
recombining in some way, i.e. adding or 
losing constituents, and in all cases it 
results in the release of the “excess” 
energy —in large amounts if the 
particles are atoms, and vast amounts if 
they are nuclei. The greater the binding 
energy of an atom or nucleus, the 
greater its stability, i.e. the less likely it 
is to undergo any change. 


Atoms with full outer shells’. 


needed to split a given atom or nucleus into 
its constituent parts (see pages 82-83). The 
potential energy* of an atom or nucleus is 
less than the total potential energy of its 
parts when these are apart. This is because, 
when they came together, the parts found a 
lower (collective) energy state (see 
introduction and nuclear force), and so lost 
energy. The binding energy is a measure of 
this difference in potential energy — it is the 
energy needed to “go back the other way” 

_ go the greater it is, the lower the potential 
energy of an atom or nucleus and the 
greater its stability. Binding energy varies 


from atom to atom and nucleus to nucleus. that of another, but its ] 


be lower — see right. | 


only acts between immediately 
neighbouring nucleons. The greater 
the attractive effect of the nuclear 
force, the higher the binding energy 
of the nucleus (i.e. the more energy 
was lost when the parts came 
together). 


e Nuclear force. The strong attractive 
force which holds the parts of a 
nucleus (nucleons"* ) together and 
overcomes the electric force” of 
repulsion between the protons”. Its 
effect varies according to the size of 
the nucleus (see graph) as the force 


* Electric force, 6; Mass number, 82; Nucleons, 82 (Nucleus); Outer shell, 83 (Electron shells); Potential energy, 8; Protons, 82. 


¢ Few electrons* in outer 


















ates tha energy takes the Energy carried by quantum (photon): 


h ie 7) ‘ Ai th hae NPT rs 
~ Se i Hitech fm 


leV=16x1l0°J 


1 MeV = 16x10" 


Putting unstable atoms together with other 
unstable atoms causes them to react — 
electrons transferred, i.e. recombinations 
take plac = 


















shell, or nearly a full outer 
shell, i.e. just one or two 


t 01 As shown, finding higher 
electrons missing. | 


B.E. (lower energy state) _ 





may occur with very little 
“help”, jah ipa ee 
fife inthe 


Heating nuclei gives them high kinetic 
energy* and means two will join when 
they collide (see fusion, page 93). 





| Few nucleons* and hence 
relatively large surface 
area. Only a few nucleons 
(relative to whole number) 
have “pulling” nuclear 
force acting on them from 
neighbours on all sides, so 
overall effect of nuclear 
force is less. 

















Hitting nucleus with very fast particle 
causes it to split (see fission, page 92). 





nucleons. Means more 
protons* - electric force* 
of repulsion has more 
effect, overall effect of 

; nuclear force is less. 





Some heavy nuclei release particles 
spontaneously (see radioactivity, 
page 86). 





nuclei, always y-rays" 
(more energy involved). 





* Electric force, 6; Electromagnetic waves, 44; Electrons, 83; Frequency, 16, 35; Kinetic energy, 9: Nucleons, 82 (Nucleus), 
Potential difference, 58; Protons, 82; Ultra-violet (UV) radiation, X-rays, 44: Gamma (y) rays, 44, 86. 
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Radioactivity 


Radioactivity is a property of some unstable nuclei (see pages 82 and 
84), whereby they break up spontaneously into nuclei of other elements 
and emit radiation*, a process known as radioactive decay. 

There are three types of radiation emitted by radioactive elements — 
streams of alpha particles (called alpha rays), streams of beta particles 
(beta rays) and gamma rays. For more about the detection and uses of 


radiation, see pages 88-91. 


© Radioisotope or radioactive isotope. 
Any radioactive substance (all 
substances are effectively isotopes — 
see page 83). There are several 
naturally-occurring radioisotopes, 
most of which still exist because they 
have very long half-lives (e.g. 
uranium-238), though one, carbon- 14, 
is continually produced by cosmic 
rays (see background radiation, 
page 88). Other radioisotopes are 
produced by nuclear fission*, and 
more still are produced in research 
centres, where nuclei are hit by very 
fast particles (ranging from protons* 


e Alpha particles (a-particles). 
Positively-charged particles ejected 
from some radioactive nuclei (see 
alpha decay). They are relatively 
heavy (two protons* and two 
neutrons"), move relatively slowly 
and have a low penetrating power. 


Has a range of 
1m of air, ~ 
“Absorbed by 1m 
thickness of metal, 
6.g. copper. 

e Gamma rays (y-rays). Invisible 
electromagnetic waves (see also 
page 44). They have the highest 
penetrating power and are generally, 
though not always, emitted from a 
radioactive nucleus after an alpha or 


beta particle. 






Magnetic field* of huge magnet. Keeps 


Cut-away particles in spiral path. 










diagram os eset 
vacuum Circuit creates 
chamber alternating electric 
(central part of 7 ~. field* across central 
cyclotron) 4 » gap. Causes 
/ . acceleration of 
particles to 
Particle high speed. 
source 
\ oom eis = Path 
Magnet of particles 
yen a Particles will hit 
outwards. target. 


to uranium nuclei). These are 
speeded up in particle accelerators 
of many different types, e.g. cyclotrons. 


Alpha particle 









Has a range ofa 


few centimetres in 
Absorbed by thick 
sheet of paper. 


_ © Beta particles ((}-particles). Particles 


ejected from some radioactive nuclei 
at about the speed of light. There are 
two types — electrons* and positrons, 
which have the same mass as 
electrons, but a positive charge. See 
beta decay. 


neon 





Say 


Intensity halved by 13 mm 
thickness of lead (or 120 m 
of air). 


* Electric field, 58; Electrons, 83; Magnetic field, 72; Neutrons, 82; Nuclear fission, 92; Protons, 82; Radiation, 9. 


© Alpha decay (a- 








© Radioactive decay. The spontaneous 
splitting up of a radioactive nucleus. It 
shoots out bits of itself as alpha or 
beta particles, normally followed by 
gamma rays. When a nucleus ejects 
such a particle, i.e. undergoes a 
nuclear disintegration, energy is 
released (see page 84), anda 
different nucleus (and atom) is 
formed. If this is also radioactive, the 
decay process continues until a stable 
(non-radioactive) atom is reached. 
Such a series of disintegrations is 
called a decay series, radioactive 


number* 
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Beta decay 


(B- decay) Antineutrino 


90 
©-«: Beta particle 


fa = tN i 
Ki >Y gon (electron) 
( . : 
: can Polonium 
88 “4 SF Ty) -214 


nucleus 


Bismuth-212 


nucleus Beta Antineutrino 


particle 
" 212m: 212 ’ 
33bi may 34P e+ ¢6 + ¥ 


84 


82 


126 128 130 132 


decay). The loss of an 
alpha particle by a 
radioactive nucleus. 
This decreases the 
atomic number* by 
two and the mass 
number* by four, and 
so a new nucleus is 
formed. 


* Atomic number, 82; Electrons, 83; Mass number, Neutron number, Neutrons, Protons, 82. 


Decay series, showing radioactive decay of 
thorium-232 to stable lead-208 w 





series, decay chain or 
transformation series. 


© Half-life (T'/2). The time it takes for 


half the atoms in a sample to undergo 
radioactive decay, and hence for the 
radiation emitted to be halved. This is 
all that can be accurately predicted — 
it is impossible to predict the decay of 
any single atom, since they decay 
individually and randomly. The range 
of half-lives is vast, e.g. strontium-90, 9 
minutes; uranium-238, 4.5 x 109 years. 


The rate of radioactive decay is 
measured in becquerels (Bq). One 
becquerel equals one disintegration 
per second. An older unit, the curie, 
equals 3.7 x 10'° becquerels. 





Alpha decay 
(a-decay) 


; Radium-228 
Thorium-232 nucleus Alpha 
nucleus particle 


790rh —> *gsRa + 2He 


7 yg 


134 136 138 140 142 N 


® Beta decay ({-decay). The loss of either kind of 
beta particle by a radioactive nucleus. The electron 
(6 ore’ ) is ejected (with another particle called an 
antineutrino) when a neutron* decays into a 
proton*. The positron (6* or e*) is ejected (with 
another particle called a neutrino) when a proton 
decays into a neutron. Beta decay thus increases or 
decreases the atomic number”® by one (the mass 
number’ stays the same). 
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Detecting and measuring radioactivity 


Sa There are a number of devices which detect 

have special hazard and measure the radiation emitted by 

warning labels. ; ; oe * 
radioactive substances (radioisotopes ). some 

are used mainly in laboratories (to study 

artificially produced radioisotopes); others have 

a wider range of uses (e.g. as monitoring 


devices for safety purposes) and can also be 





— used to detect background radiation. Most of 
jspapmory use the devices detect and measure the radiation by 


monitoring the ionization it causes — see 
ecaee el Geiger counter and pulse electroscope, right, 
radioactive and cloud and bubble chambers, page 90. 









_e Ionization. The creation of ions 
(electrically-charged particles), 
which occurs when atoms 
(electrically neutral) lose or gain 
electrons”, creating cations (positive 
ions) or anions (negative ions) 









e Background radi: 
present on earth (in: 
amounts), originatl 









his taken i 


whic 
imals. This 1s ¢ 








Ionization 
Atom loses Atom gains 
J! electron”. electron. 
T osphere from outer spa: @ Lee © 


particle 
rgy. T 


Cation formed 
(more protons” 


Vv 
than electrons). f= 
& a! Anion formed 
(more 
electrons than 
protons). 


Ionization due to radiation 


Atom Particle 
glances off 


; | ~~) atom. 
- | 
Mn, 7 






<— Cation 
formed 
™ 


- 
Radiation ~ Electrons “knocked out” i 
particle to become free electrons. 
ct Wx respectively. In the case of radiation, 
— eh nl Qe alpha and beta particles* ionize the 


atoms of substances they pass 
through, usually creating cations. This 
is because their energy is so high that 
they cause one or more electrons to 
be “knocked out”. For more about 
ions and ionization, see pages 130- 131. 


ay 


* Alpha particles, Beta particles, 86; Electrons, 83; Gamma rays, 86; Protons, 82; Radioisotope, 86. 








Detection devices 


e Geiger counter. A piece ofapparatus current between the electrodes, 
consisting of a Geiger-Muller tube, a These pulses result from the 
scaler and/or ratemeter and often a ionization the radiation causes in the 
loudspeaker. The tube is a gas-filled gas (normally low pressure argon, 
cylinder with two electrodes” - its plus a trace of bromine). A scaler is an 
walls act as the cathode’, and it has a electronic counter which counts the 
central wire anode*. The whole pulses and a ratemeter measures the 
apparatus indicates the presence of count rate — the average rate of pulses 
radiation by registering pulses of in counts per second. 


Geiger counter ‘ 





Radioactive 


— A To loudspeaker. Clicks 
Cylinder walls with each pulse (irregular 

form cathode’. intervals show randomness 
of radioactive decay”). 


e Pulse (Wulf) electroscope. A Pulse (Wulf) 
type of gold-leaf ee 
electroscope”’. The walls of a 
chamber of air around the cap 
form the cathode’, and a side 
anode’ is placed close to the 
leaf. This attracts electrons* 
down from the cap, leaving it 
positively charged (the leaf 
moves away from the rod, as 
they are both negatively 
charged, but not enough to 
touch the anode before the 
radioactive source is 
introduced). The leaf indicates 
the presence of radiation by 
beating forward and back for 
each ionization it causes. 








Enhances each 
pulse further 




















To scaler and/or 
ratemeter 


Y 














Rod Leaf 


e Dosimeter. A device worn by all who work with 
radioactive material. It contains photographic film 
(which radiation will darken). This is developed 
regularly and the amount of darkening shows the 
dose of radiation the wearer has been exposed to. | 


* Anode, Cathode, Electrode, 66; Electrons, 83; Dosimet 


Gold-leaf electroscope, 56 (Electroscope); Radioactive decay, 87; Resistor, 62. 








Detection devices (continued) 


@ Cloud chamber. A device in which 
the paths taken by alpha and beta 
particles* show up as tracks. This 
happens when the vapour in the 
chamber (alcohol or water vapour) is 
turned into supersaturated vapour by 


Camera — ™ x} Glass 
Supersaturated 


cooling (in one of two different ways — 
see below). This is vapour below the 
temperature at which it should 
condense, but which does not condense 
because there are no dust or other 
particles for droplets to form around. 


pitts Camera +o Felt pad soaked 
In alcohol/water 

















vapour — ZL 
Area of 
® =» \> supersaturated 
hei 
Light 


source 


1925 


oJ y < Ct 


screen Dark 


Dry ice screen 


Diffusion cloud chamber. Vapour cooled by a 
base of dry ice (solid carbon dioxide). Vapour 
diffuses* downwards. 





Piston 


Sponge 


Wilson cloud chamber. Vapour cooled 
by sudden increase in volume 
(withdrawal of piston). 


Gamma rays” do not 
create tracks themselves, 
but can knock electrons* 


Cloud chamber ——— 
tracks (produced at 





irregular intervals, 
showing random out of single atoms. These 
nature of then speed away and 

i i j create tracks like b- 
aoe Tracks made by heavy Tracks made by light particle tracks. 


6-particles* are long, 
straggly and thin. 


a-particles* are short, 
straight and thick. 


@ Bubble chamber. A device 
which, like a cloud chamber, 
shows particle tracks. It contains 
superheated liquid (usually 
hydrogen or helium) — liquid 
heated to above its boiling point, 
but not actually boiling because 
it is under pressure, After the 
pressure is suddenly lowered, 
nuclear particles entering the 
chamber cause ionization" of 
the liquid atoms. Wherever this 
occurs, the energy released 
makes the liquid boil, producing 
tracks of bubbles. 


Bubble chamber ———» 
tracks. Generally 
curved, because 
magnetic field set 

up to deflect 

particles (leads to 

better 

identification). 


@ Scintillation counter. A device which 
detects gamma rays”. It consists of a 
scintillation crystal and a photomultiplier 
tube. The crystal is made of a phosphor* 

(e.g. sodium iodide). Phosphors emit light 

flashes (scintillations) when hit by 

radiation. 


Scintillation counter 
m———  Photomultiplier tube —————_»> 





Scintillation — ty 
crystal @— > an 





ee 


* Alpha particles, Beta particles, 86; Diffusion, 5; Electrons, 83; Gamma rays, 86; Ionization, 88; Phosphor, 45 (Phosphorescence); 
Radioactive decay, 87. 








The radiation emitted by radioisotopes* (radioactive substances) can be 
put to a variety of uses, particularly in the fields of medicine, industry and 
archaeological research. 









Radiotherapy ® Radiology. The study of radioactivity 


and X-rays*, especially with regard 
to their use in medicine. 


Patient 






® Radiotherapy. The use of the 
radiation emitted by radioisotopes* 
to treat disease. All living cells are 
susceptible to radiation, so it is 
possible to destroy malignant 
(cancer) cells by using carefully 
controlled doses of radiation. 


Machine called 
gammatron. Contains 
radioisotope* emitting 
gamma rays”, which 
destroy cells. 


Patient has swallowed labelled 


© Radioactive tracing. A method of followingthe > 
substance. 


path of a substance through an object, and detecting 
its concentration as it moves. This is done by hy. 
introducing a radioisotope” into the substance and aan icy qe i: 
tracking the radiation it emits. The radioisotope up 7 
used is called a tracer, and the substance is saidto _—_fapioisotope” 
be labelled. In medical diagnosis, for example, high 

levels of the radioisotope in an organ may indicate 


Scanner —_____»» 


Sample scan 


(doctor can 
the presence of malignant (cancer) cells. The locate diseased 
ae . . areas from 
radioisotopes used always have short half-lives different 

colours). 


and decay into harmless substances. 










3 <e Gamma radiography (y- 
mee: Sher in radiography). The production of a 
metal pipe. radiograph (similar to a photograph) 
by the use of gamma rays* (see also | 
X-radiography, page 44). This has 
many uses, including quality control in 
industry. , 


Machine containing 
radioisotope* 
takes radiograph. 


Leather 







Preserved organic material 
from an archaeological site 
can be dated by 

radiocarbon dating. 


-@ Radiocarbon dating or carbon p> 
_ dating. A way of calculating the time 
d _ elapsed since living matter died. All 
_ living things contain a small amount of GE. . Se Parchment | 
carbon-1]4 (a radioisotope* absorbed \ yy = Chea > 
from the atmosphere), which © lo=/¢ 
continues to emit radiation after 
death. This emission gradually 
decreases (carbon-14 has a half-life* of 
5,/00 years), so the age of the remains | 
can be calculated from its strength. wa 





* Gamma rays, 86; Half-life, 87; Radioisotope, 86; X-rays, 44. 




































Nuclear fission and fusion 


The central nucleus of an atom (see page 82) holds vast amounts of 
“stored” energy (see pages 84-85). Nuclear fission and nuclear fusion 
are both ways in which this energy can be released. They are both 
nuclear reactions (reactions which bring about a change in the nucleus). 


e@ Nuclear fission. The process in Induced fission of uranium-235 








which a heavy, unstable nucleus splits Fast-moving a 

. ; ; neutron* collides Unstable “°U 
up into two (or more) lighter nuclei, with "U nucleus an a nie setny 
roughly equal in size, with the release OL, » 
of two or three neutrons* (fission aK Fission products 





y lanthanum-148 


neutrons) and a large amount of and bromine-85 


energy (see also page 84). The two ae = pi ie 
: : : nucleus aa 
lighter nuclei are called fission eGdameaas . ror 


products or fission fragments and fission 
many of them are radioactive’. 
Fission is made to happen (see 
induced fission) in fission reactors* 
to produce heat energy. It does not 
often occur naturally (spontaneous 


fission). _ neutrons 


instead). 








released (see 
page 84) 





Nuclear equation for reaction, above right 
(see mass and atomic numbers, page 82): 


® Spontaneous fission. Nuclear fission uranium-238, but the probability is 
which occurs naturally, i.e. without very low compared to that of a 
assistance from an outside agency. simpler process like alpha decay* 
This may happen to a nucleus of a occurring instead. 

heavy element, e.g. the isotope* 


Induced fission causing chain 
reaction 







© Induced fission. Nuclear fission of a nucleus made 
unstable by artificial means, i.e. by being hit by a fast 
particle (often a neutron*), which it then absorbs. Not 
all nuclei can be induced to fission in this:way; those 
which can, e.g. those of the isotopes* uranium-235 
and plutonium-239, are described as fissile. If there 
are lots of fissile nuclei in a substance (see also 
thermal and fast reactor, page 95), the neutrons 
released by induced fissions will cause more fissions 
(and neutrons), and so on. This is known as a chain 
reaction. A well controlled chain reaction is allowed 
to occur in a fission reactor”, but that occurring ina 
fission bomb is uncontrolled and extremely 
explosive. 


Neutron* 
causes fission 






Neutrons 

produced 
cause more 
fissions Fissile nuclei 





* Alpha decay, 87; Fission reactor, 94; Isotopes, 83; Neutrons, 82; Radioactivity, 86. 





@ Fission bomb or atom bomb (A- ) a 


' Example of nuclear fusion (D-T reaction — see 
: also fusion reactor, page 94) , 


Deuterium nucleus 
: (hydrogen isotor 


_ Tritium nucleus 


_ (hydrogen isotope”) 
Energy 
released (see \ 
page 84) Fusion 
| produces 
Single neutron* released 





® Critical mass. The minimum mass of 


a fissile substance needed to sustain Critical mass_, Subcritical mass 

a chain reaction (see induced Small surface | or Fast neutron* , | Large surface 
: all ubcriti area introduced to » area 

fission) . In smaller subcritical (compared to Pe cause oa (compared to 









masses, the surface areatovolume volume) 
ratio is too high, and too many of the 
neutrons* produced by the first ( AD 
fissions escape into the atmosphere, § G@@4e“tSt 


; ? ay Too many neutrons 
Nuclear fuel is kept in subcritical masses. —. i escaping (not enough) 


cause more fissions) 


fission “dv g volume) 









bomb). A bomb in which two 
subcritical masses (see above) are 
brought together by a trigger 
explosion. The resulting chain 





reaction (see induced fission) No resulting 
chain reactioi. 
releases ce amounts of energy. 





e Nuclear fusion. The collision and sun (and stars like it), but research is 


combination of two light nucleito form being carried out with the aim of 

a heavier, more stable nucleus, with achieving controlled, induced fusion 
the release of large amounts of in fusion reactors”. 

energy (see also page 84). Unlike 

nuclear fission, it does not leave ® Fusion bomb or hydrogen bomb 
radioactive* products. Nuclear (H-bomb). A bomb in which 

fusion requires temperatures of uncontrolled nuclear fusion occurs in 
millions of degrees Celsius, to give a mixture of tritium and deuterium 

the nuclei enough kinetic energy* for (hydrogen isotopes”). A trigger 

them to fuse when they collide fission bomb creates the high 
(because of the high temperatures, temperature needed (fusion bombs 
fusion reactions are also called are also called fission-fusion bombs). 
thermonuclear reactions). It The energy released is about 30 times 
therefore only occurs naturally inthe that froma fission bomb of the same size. 


Nuclear equation for reaction, left (see 
mass and atomic numbers, page 82): 








Nuclei brought 
ogether atvery 
mhugh temperat 






Hydrogen undergoes 
_ nuclear fusion in the 
; Bun 









Solar flare (jet of gas 
_ showing fusion 
activity). 















hehum nucleus 


* Fusion reactor, 94; Isotopes, 83; Kinetic energy, 9; Neutrons, 82; Radioactivity, 86. 
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@ Fission reactor. A nuclear reactor in 





Power from nuclear reactions 


earpowerg A nuclear reactor is a structure inside which 
¢ nuclear reactions produce vast amounts of heat. 
s\ There are potentially two main types of reactor 
~ fission reactors and fusion reactors, though 
the latter are still being researched. All 
present-day nuclear power stations are built 
around a central fission reactor and each 





reactors also 


have other , 

uses, e.g. the generates, per unit mass of fuel, far larger 

pe ea amounts of power (electricity) than any other ~ 
e other type of power station. 


held in long cylinders packed in the 
core (centre of the reactor). The rate 
of the chain reaction* (and hence 
power production) is closely 
controlled by control rods. See 
diagram below for the use of a fission 
reactor to generate power. 


which the heat is produced by 
nuclear fission”. There are two main 
types in use in nuclear power stations 
— thermal reactors and fast reactors 
(see following page), both of which 
use uranium as their main fuel. This is 


Schematic diagram of fission 


reactor and power station complex Steam generator. Water in 


separate circuit heated to 
steam by hot coolant. 


Electricity 








Hot coolant* 


Core of reactor. : 
carries away heat 


Nuclear reactions 
in fuel generate 
heat which heats 
up coolant. 










Steam carries 
away heat. 









Control rods extending 
into core. Normally 
boron or cadmium 
(have a very high 
probability of 
absorbing neutrons* 
and hence slowing 
reaction), Set at certain 
depth to maintain chain 
reaction’ at constant 
rate, but can be 
lowered or raised to 
absorb more or fewer 
neutrons, 


Turbine. Steam used 
to generate 
electricity. 

















Cold coolant* 


recirculates Separate circuit 


of water used 
ere te to condense 

Water recirculates. steam back to 

Contaminated fuel and “bred” water. 

fuel (see fast reactor) taken to 

reprocessing plant, where 

useful material is reclaimed. 





Fusion reactor. A type of nuclear reactor, being 
researched but as yet undeveloped, in which the 
heat would be produced by nuclear fusion’. This 
would probably be the fusion of the nuclei of the 
hydrogen isotopes” deuterium and tritium — known 
as the D-T reaction (see picture, page 93). There 
are several major problems to be overcome before 
a fusion reactor becomes a reality, but it would 
produce about four times as much energy per unit 
mass of fuel as a fission reactor. Also, hydrogen is 
abundant, whereas uranium is scarce, and 
dangerous and expensive to mine. 





Dangerous radioactive* waste 
(spent fuel) from fission reactors 
must be burned. Fusion reactors 
would not produce such waste. 


* Chain reaction, 92 (Induced fission); Coolant, 344; Isotopes, 83; Neutrons, 82; Nuclear fission, 92; Nuclear fusion, 93; 
Radioactivity, 86. 





Types of fission reactor 


@ Thermal reactor. A fission reactor 


containing a moderator around the 
fuel cylinders. This is a substance 
with light nuclei, such as graphite or 
water. It is used to slow down the fast 
neutrons* produced by the first 
fissions in the natural uranium fuel — 
the neutrons bounce off the light 
nuclei (which themselves are unlikely 
to absorb neutrons) and eventually 
slow down to about 2200 ms | 


es eS To 

| Control a »” turbine 
rods my 

Steam 

generator 


From 
turbine 


Steel 
| vessel 


shield 


eee \_Inner steel 
Fuel Coolant* is pressurized — 


cylinders __ water, also acting as 
moderator. 


® Fast reactor or fast breeder reactor 


(FBR). A fission reactor, inside 
which the neutrons* which cause the 
fission are allowed to remain as fast 
neutrons (travelling at about 2 x 10‘ m 
s '). The fuel used is always enriched 
with extra nuclei of uranium-235 (see 
thermal reactor) and plutonium-239. 
Both of these will fission easily when 
hit by fast neutrons, unlike uranium- 
238, which is far more likely to 
“capture” the neutrons (becoming 
2391J) and undergo radioactive 
decay”. The final product of this 
decay, however, is *°°Pu. Fast reactors 
are also called “breeders” because 
this decay process of *°°U to *°°Pu is 
allowed to happen in a blanket of 7°°U 
around the main fuel. Hence more fuel 
is created and can be stored. 


* Chain reaction, 92 (Induced fission); Coolant, 344; Isotopes, 83; Neutrons, 82; Radioactive decay, 87. 


Outer concrete 


Slowing the neutrons improves their 
chances of causing further fissions 


(and continuing the chain reaction“). 


Fast neutrons are likely to be 
“captured” by the most abundant 
nuclei — those of the isotope* 
uranium-238 (see fast reactor), 
whereas slow neutrons can travel on 
until they find uranium-235 nuclei. 
These will undergo fission when hit 
by neutrons of any speed, but make 
up a smaller percentage of the fuel 
(despite the fact that it is now often 
enriched with extra 7°°U). 


es of 
Pressurized water reactor(PWR) YW ita aniiee a WV Advanced gas-cooled reactor (AGR) 


Concrete shield Control rods 





7 Fuel cylinders 


To 

turbine 
Steam 
generator 


From 
turbine 


Steel 
Pressurized vessel 
carbon dioxide 

coolant* 


Graphite 
moderator 


Fast reactors have a more compact 
core and mun at higher temperatures 
than thermal reactors. They are also 
more efficient, using up a much | 
greater proportion of their fuel before 
it becomes contaminated. 


Fast reactor YW Steam generator 


and turbine 


2381] blanket 


Second, separate, 
sodium circuit 


Concrete shield 


Sodium coolant* 





Steel Fuel 
vessel cylinders 
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Quantities and units 


Physical quantities are such things as mass”%, force* and current*, which are used in 
the physical sciences. They all have to be measured in some way and each therefore 
has its own unit. These are chosen by international agreement and are called 
International system or SI units (abbreviated from the French Systéme International). 
All quantities are classified as either basic quantities or derived quantities. 


e Basic quantities. A set of 
quantities from which all other 
quantities (see derived 
quantities) can be defined 
(see table below). Each basic 
quantity has its basic SI unit, 
in terms of which any other SI 
unit can be defined. 






Mass 

Length 

Time 
Current 
Temperature 


Basic SI units 


@ Kilogram (kg). The SI unit of mass. It is equal 
to the mass of an international prototype metal 
cylinder kept at Sevres, near Paris. 


@ Metre (m). The SI unit of length. It is equal to 
the length of 1 650 763.73 wavelengths*% of a 
certain type of radiation emitted by the 
krypton-86 atom. 


® Second (s). The SI unit of time. It is equal to the 
duration of 9 192 631 770 periods* of a certain 
type of radiation emitted by the caesium-133 
atom. 


e Ampere (A). The SI unit of electric current (see 
also page 60). It is equal to the size of a current 
flowing through parallel, infinitely long, straight 
wires in a vacuum that produces a force 
between the wires of 2 x 10°’ N every metre. 


Prefixes 

A given SI unit may sometimes be too large or 
small for convenience, e.g. the metre is too 
large for measuring the thickness of a piece of 
paper. Standard fractions and multiples of the 
S| units are therefore used and are written by 
placing a pretix before the unit (see table 
below). For example, the millimetre (mm) is 
equal to one thousandth of a metre, 

Standard fractions and multiples (those 
involving powers of 10”, e.g. 10°, 10°, 10°”), 





Basic quantity Symbol | Basic SI unit 
mM 


Quantity of substance 
Luminous intensity 





Abbreviation 

















kilogram — 
metre 
second 
ampere 
kelvin 
mole 
candela 





| 
t 
: 
1 




















® Kelvin (K). The SI unit of temperature. It is 
equal to 1/273.16 of the temperature of the 
triple point of water (the point at which ice, 
water and steam can all exist at the same time) 
on the absolute temperature scale”. 


@ Mole (mol). The SI unit of the quantity of a 


substance (note that this is different from mass 
because it is the number of particles of a 
substance). It is equal to the amount of 
substance which contains 6.02 x 107° (this is 
Avagadro’s number) particles (e.g. atoms or 
molecules). 


@ Candela (cd). The SI unit of intensity of light. It 
is equal to the strength of light from 1/600 000 
square metres of a black body* at the 
temperature of freezing platinum and ata 
pressure of 101 325Nm°. 


* Absolute temperature scale, 27; Black body, 29 (Leslie’s cube); Current, 60; Force, 6; Mass, 12; Period, 16; Wavelength, 34. 








in terms of other derived quantities. The derived quantities have derived SI units which are 
defined in terms of the basic SI units or other derived units. They are worked out from the defining 
equation for the quantity and are sometimes given special names. 






Abbreviation 





Newton 


Name of unit 
Joule 
Watt 


Pascal 
























Depends on shape (see page 101) 





W = force x distance 
Depends on shape (see page 101) 
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Derived quantity 


Acceleration 








Velocity 
Force 
Work 
Energy 
Power 
Area 
Volume 
Pressure 
Period 











Hertz 


Number of cycles per second 


Frequency 





Impulse 


mass x velocity 






Momentum 


Q 





Momentum 


Electric charge 


Coulomb 


time 


current x 











energy transferred 






Potential difference 










Capacitance 





potential difference 


e Derived quantities. Quantities other than basic quantities which are defined in terms of these or 











potential difference 
Current 














R 










Resistance 
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Equations, symbols and graphs 


All physical quantities (see pages 96-97) and their units can be represented by 
symbols and are normally dependent on other quantities in some way. There is 
therefore a relationship between them which can be expressed as an equation and 
shown on a graph. 


Equations 


An equation represents the relationship between two or more physical quantities. This relationship 
can be expressed as a word equation or as an equation relating symbols which represent the 
quantities. The second case is used when a number of quantities are involved, since it is then 
easier to manipulate. Note that the meaning of the symbols must be stated. 


Word equation Symbol equation 


Q=mxcx (t,t) or Q = metty-ty) 2 
where Q = heat pee lost or gained: m = mass; c=. 
specific heat Capacity, | 1 sand i = - temperatures. 










Graphs 


A graph is a visual representation of the relationship between two quantities. It shows how one 
quantity depends on another. Points on a graph are plotted using the values for the quantities 
obtained during an experiment or by using the equation for the relationship if it is known. The two 
quantities plotted are called the variables. 





a + T e tg) ; ty IA ie oo ofa curve eata a 
Lt if the gradient of the 
_Depe nent T tothe aye at that ~ 


quantity 
.... changed 
during the 
experiment, i.e. 
-the@-effect. 
Plotted along 
the y-axis. 


| tes bial Gradient The me bot these 
y-intercept. The point at a of the quantity plotted on the oO 
which the graph crosses the) a _ y-axis with that plotted on pe 
y-axis. x-axis. The gradient of.a 
| | een line here is the value | 


Ay divided by Ax. Note that - 


-units of the gradient are'the- 
uae of the quantity y/X, 


he change in” 


lidepeicient lariable. th 


mh Origin. The point at which the 
id quantity changed. 


~~" _ quantities plotted on the axes 
ar¢ both zero, | 


experiment, i.e. the use 
by dalong the x- 


x-intercept. The point at 
» which the graph. crosses the 
| x-axis. 












| 2. The scales on the axes 








Symbols 


Symbols are used to represent physical 
quantities. The value of a physical quantity 
consists of a numerical value and its unit. 
Therefore any symbol represents both a 
number and a unit. 


Symbols represent number and unit 
m=21kg  s=400Jkg7K7 
“Current through resistor = I” (i.e. do not need 


to say Iamps since the unit is included) 


Note that a symbol divided by a unit is a pure 
number. 


m = 2.1 kg means that m/kg = 2.1 


Plotting graphs 


1. The quantity controlled 
during an experiment should 
be plotted along the x-axis 


and the quantity which changes__ the quantity) and its unit, e.g. 
as aresult ha the y-axis. 


length/mm. 


Velocity/m 5-1 | 


should be chosen so that 
values are easy to find orao. 
(Squares on the paper 

representing multiples of three 

should be avoided). 


Information from graphs 


A straight line graph which 
passes through the origin 
shows that the quantities 
plotted on the axes are 
proportional to each other 
(i.e. if one is doubled then 
so is the other). 


Vv 


A graph shows the region 
in which the relationship 


a linear (i.e. one always 
changes by the same 


in the other). It is that in 
which the graph is a 
straight line. 


3. The axes should be labelled 
by the symbol representing 
the quantity (or the name of 





4. Points on the graph should 
be marked in pencil witha x 





between two quantities is 


amount for a fixed change 





This notation is used in tables and to label 
graph axes. 


Any number in this 
column is a length in 
metres. 


Any number on scale is a 
force in newtons. 





Any number in this / 
column is atime squared Any number onscale is a 
measured in seconds length in millimetres. 
squared. 


9. Asmooth curve or straight 
line should be drawn which 
fits the points best (this is 
because physical quantities 
normally are related in some 


ear eg 





definite way). Note that joining 
the points up will not often 
‘produce a smooth curve. This 
is due to experimental errors. 


The amount of scatter of 
the points about the smooth 
Curve gives an indication 

of the errors in the data 

due to inaccuracies in the 
procedure, the equipment 
and the measuring (this 
happens in any experiment). 
Individual points a long 
way from the curve are 
probably due to an error in 
measuring that piece of 
data in the experiment. 
However, the point should 
not be ignored — it should 
be checked and re- 
measured if possible. 
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Measurements 


Measurement of length 


The method used to measure a length depends 
on the magnitude of the length. A metre rule is 
used for lengths of 50 mm or more. The 
smallest division is normally 1mm and so 
lengths can be estimated to the nearest 


e@ Vernier scale. A short scale which slides along 
a fixed scale. The position on the fixed scale of 
the zero line of the vernier scale can be found 
accurately. It is used in measuring devices 
such as the vernier slide callipers. 


Method of reading position of zero line on 
vernier scale: 


1. Read the position of the zero line 
approximately — in this case 8.3 cm. 


2. Find the position on the vernier scale where 
the marks coincide — in this case 2. 


@ Vernier slide callipers. An instrument 
containing a vernier scale, used to measure 
lengths in the range 10 to 100 mm. 


Internal — 
measurement 


External —— 
measurement 





Method of measurement: 

1. Close the jaws and check that the zero on 
the vernier scale coincides with the zero on 
the fixed scale. If not, note the reading (this is 
the zero error’), 


2. Close or open the jaws onto the object to be 
measured. 


3. Lock the sliding jaw into position. 
4. Record the reading on the scale. 
5. Add or subtract the zero error (see 1) to get 


the correct reading. 


* Sl units, 96; Zero error, 102. 










0.5mm. For lengths less than 50 mm, the error 
involved would be unacceptable (see also 
reading error, page 103). A vernier scale is 
therefore used. For the measurement of very 
small lengths (to 0.01 mm) a micrometer screw 
gauge is used. 


3. Add this to the previous figure — the accurate 
reading is 8.32 cm. 


Vernier 
scale 













Vernier 
scale 


Measurement of area and volume 


The volume of a liquid is calculated from the 
Space it takes up in its containing vessel. The 
internal volume of the containing vessel is 
called its capacity. The SI unit* of capacity is 
the litre (I), equal to 10°° m®. Note that 1 ml = 1 
cm’. The volume of a liquid is measured using a 
graduated vessel. 


Examples of graduated vessels for measuring volume 







Beaker 





Measuring #== 


cylinder Burette 






















e Micrometer screw gauge. An instrument 
used for accurate measurements up to about 
30mm. 


Fixed jaw Moving jaw Sleeve 









Object to 
be measured 


Graduations (each 
0.5mm in this ~_ 
case) 


6.5mm 


Method of measurement 


1. Work out the value of a division on the 
spindle scale (See diagram). 


2. Using the ratchet, close the jaws of the 
instrument fully. The zero on the spindle scale 
should coincide with the horizontal reference 
line. If not, note the zero error’. 


3. Using the ratchet, close the jaws on the 
object to be measured until it is gripped. 


The surface area and volume of a solid of 
regular shape are calculated from length 
measurements of the object (see below). 


Rectangula 


Regular shaped solid 


Measurements made h = height 
using vernier slide 
callipers or 

micrometer screw 


gauge | = length 


b = breadth 


Volume v of solid 
calculated from 


Surface area a a= 2bl + 2hl + 2hb 
calculated from 4 4 


Top Sides Ends _ 


* Zero error, 102. 


Ratchet (used to 
close the jaws 
without 


Spindle overtightening) 







One revolution of 
the spindle moves 
it one graduation 
on the sleeve (in 
this case 50 
graduations on the 
spindle equals 0.5 
mm, So each is 
0.01 mm). 


4. Note the reading of the highest visible mark 
on the sleeve scale (in this case 6.5 mm). 


5. Note the division on the spindle scale which 
coincides with the horizontal reference line (in 
this case 0.41 mm). 


6. Add the two readings and add or subtract 
the zero error (See 2) to get the correct reading 
(in this case 6.91 mm). 


For solids of irregular shape, see eureka can, 
page 24. 





Cylinder 


. r = radius 
r = radius 


| = length 


a= 2nrl + 2nr- 
4 


Curved surface Ends 
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e Zero error. The error which occurs when a 





Accuracy and errors 


All experimental measurements are subject to some errors, other than those caused by 
carelessness (like misreading a scale). The most common errors which occur are 
parallax errors, zero errors and reading errors. When stating a reading, therefore, a 
number of significant figures should be quoted which give an estimate of the accuracy 
of the readings. 


@ Parallax error. The error which occurs when 


Correct reading of 
31.45 when eye 
vertically above mark 
to be read 


the eye is not placed directly opposite a scale 
when a reading is being taken. 


Parallax error 

reading metre Parallax error — 

rule reading 31.40 . Vs 
BN 


Parallax error — 


* reading 31.50 
we 








Object being 
measured 


Some scales with pointers have a . 

mirror behind the pointer. The To avoid parallax errors, readings 
correct reading is obtained by of liquid levels must be taken with 
placing the eye so that the the eye lined up with the top or 
reflection of the pointer is hidden bottom of the meniscus”. 


behind it. 
Saeed 


He 


inaccurate “zero reading” should be taken and 
measuring instrument does not indicate zero should be added to or subtracted from any 
when it should. If this happens, the instrument other reading taken. 

should either be adjusted to read zero or the 


Reading on vernier slide 
callipers* when closed (i.e, should 
read zero) is 0.2 mm, This is zero 


error. \ 


Zero error on metre rule may be 
0.2 mm must be subtracted from due to worn end. Should be solved 
any reading (in this Case, apparent by measuring from 10 mm line and 
reading is 53.9 but actual lengthis — subtracting 10 mm from all 

53.9 — 0.2, i.e. 53.7 mm) readings. 





* Meniscus, 345; Vernier slide callipers, 100. 


e Reading error. The error due 






















to the guesswork involved in 
taking a reading from a scale 
when the reading lies 
between the scale divisions. 






Reading on thermometer is between 
36-8°C and 36-9°C. Best estimate of next —-——~ 
figure is half a division to give a reading 

of 36.85°C. 


Significant figures 


The number of significant figures in a value is the number of figures in that value ignoring 
leading or trailing zeros (but see below) and disregarding the position of the decimal point. They 
give an indication of the accuracy of a reading. 


A reading of 3704 mm has four 
significant figures. It can be 
written as: 


¢°3 04mm se 
4th significant figure 


+ 3.704‘m 


Note that the leading zeros here 
are not significant figures but show 


Ist significant figure <~ 0.003 704 km the magnitude of the reading. 





Best guess is half a 
division, so reading is 
given as 1.25A. 


nn 


Three significant 
figures indicate 
reading is accurate to 
about 0.05 A. 


The number of significant figures 
quoted is an indication of the 
accuracy of a reading or result. 






ATMA Me 






Smallest division on 


=0.1 ives 
ammeter scale = 0.1A A reading with more 


figures, e.g. 1.2518 A, 
implies more accuracy 
than is possible on this 
scale. 


Rounding. The process of reducing the figure is dropped and the new last figure 
number of figures quoted. The last significant changed depending onthe one dropped. _ 


7.3925 (quoted to 5 significant figures) Note that 
= 7.393 (rounded to 4 significant figures) 
= 7.39 (rounded to 3 significant figures) 29.000 
= 7A (rounded to 2 significant figures) = 29.0 (to 3 significant figures) 
=7 (rounded to 1 significant figure) = 29 (to 2 significant figures) 
= 30 (to 1 significant figure) 
0.08873 (quoted to 4 significant figures) ‘ 
= 0.0887 (rounded to 3 significant figures) In the last case here, the 0 is not a significant 
= 0.089 (rounded to 2 significant figures) figure but must be included (see below). 


= 0.09 (rounded to 1 significant figure) 


is quoted to 5 significant figures 


For large numbers like 283 000 it is impossible to be included to show the magnitude. This 
to say how many of the figures are significant ambiguity is removed by using the index 
(the first three must be) because the zeros have _ notation (See page 109). 


8 
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Fields and forces 


This table is a comparison of the three forces normally encountered in physics 
(excluding the nuclear force). In fact, most of the forces dealt with in physics, e.g. the 
contact force between two objects, are examples of the electromagnetic force which 
is a combination of the magnetic and electric forces. For more about these and all 
other forces, see pages 6-7. 


Gravitational force (see also pages 6 and 18) 


Force acts between two objects with mass. It is 
always attractive. 


mM, 






Type of force. Note that a force 
can only exist between two 
masses, Charges or currents and 
that the size of the force is the 
same on both of them (see also 
Newton’s third law, page 13). 
Note also that the forces only act 
between objects which are the 
same, e.g. there is a force between 
two masses, but not between a 
mass and a current. 













G = 6.7x 10" Nm’kg? 


Gis the gravitational constant”*. Its very small 
value means that the gravitational force is only 
noticeable when one of the objects is very large 
(e.g. a planet). 


Point in field 


@ 
p 









Description of force in terms of 
force field. [he force field is the 
region around an object (mass, 
charge or current) in which its 
effects (gravitational, electric or 
magnetic) can be detected — see 
also page 6 





Mass m, produces a gravitational field in the 
space around it (See field intensity, page 106). 






A second mass experiences a gravitational force 
when placed at any point (e.g. P) in the 
gravitational field of m,. 






A mass thus produces a gravitational field and is 
acted upon by a gravitational field. 









Field direction, [his is found by 
observing the effect of the force 
field on an object (mass, charge or 
current) placed in it 







The direction of a gravitational field at a point P is 
the direction of the force on a mass placed at P. 


* Gravitational constant, 18 (Newton’s law of gravitation) 


Electric force (see also pages 6 and 58) 


Force is between two charges. It is attractive if the 
charges are of the opposite sign, i.e. one 

negative and one positive, and repulsive if the 
charges are of the same sign. 


In air Ke = 9x 109 Nm?C° 
This very large value means it is difficult to 
separate opposite charges. 


Point in field 
‘ @ 


P 


Charge q, produces an electric field* in the space 
around it (see field intensity, page 106). 


A second charge experiences an electric force 
when placed at any point (e.g. P) in the electric 
field of q,. 


A charge thus produces an electric field and is 
acted upon by an electric field. 


Positive charge 


* 


Force on 
charge 


The direction of an electric field intensity at a point 
P is the direction of the force on a positive charge 
placed at P. 


* Electric field, 58; Fleming’s left hand rule, 76; Magnetic field, 72. 


Magnetic force (see also pages 6 and 70) 


Force is between two objects in which current is 
flowing. If the currents flow in the same direction, 
the force is attractive. If the currents flow in 
opposite directions, the force is repulsive. 


In air Ky = 2.7x 10°’ NA® 


This small value indicates that the magnetic force 
is very small in comparison to the electric force. 


Point in field 


\e 
fe) 


Current |, produces a magnetic field’ in the 
space around it (See field intensity, page 106). 


A second current experiences a magnetic force 
when placed at any point P in the magnetic field of 
ly. 


A current thus produces a magnetic field and is 
acted upon by a magnetic field. 


Direction 


offorce > 


Direction 
of field 


Direction oe 
of current 


The direction of a magnetic field at a point P is 
given by Fleming’s left hand rule”. 
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Fields and forces (continued) 












Field intensity. This is found by 
measuring the effect of the force 

field on an object (mass, charge or 
current) placed in it. 







Representation by field lines. 
Field lines (or flux lines or lines of 
force or flux) are used in all cases 
to represent the strength and 
direction of fields and to visualize 
them (see panel below). Field lines 
never cross since the field would 
then have different directions at 
one point. 








Potential energy (see also page 
8). This depends on field intensity 
and the object (its mass in a 
gravitational field or its charge in 
an electric field"), The potential” 
at a point ina field is the energy 
per unit (of mass or charge) and 
depends upon the field only. 
Usually the only concern is the 
difference in potential, or potential 
difference’, between two points. 
Potential can be detined by 
choosing a reference, The 
potential at a point is then the 
potential difference between the 
point and the reference point 






















Strong field 
(high density 





* Electric field, Potential, Potential difference, 58. 





To measure the field intensity g of a gravitational 
field due to amass m, at a point P, atest mass m 
is placed at P and the gravitational force F on it is 
measured. Then: 






By comparison with the equation above for the 
gravitational force, the field intensity g ata 
distance d from a mass m, is: 






Gravitational field lines always end at amass 







The gravitational potential difference between two 
points in a gravitational field is the work done 
against the forces of the field in moving a unit 
mass between the points. 







Gravitational potential 
decreases as point 
moves along field line 
in direction of field (in 
direction of arrow). 






Gravitational potential 
higher at P,; than P. 










Weak field (low 
density of lines) 


ae 



































Gravitational force Electric force 


Magnetic force 








To measure the field intensity B of a magnetic field 
due to], at a point P, a conductor of length | 

carrying a current Tis placed at P and the magnetic 
force F is measured. Then: 


To measure the field intensity Eof an electric field 
at a point P due to a charge q,, a test positive 

charge q is placed at P and the electric force F on 
it is measured. Then: 





























By comparison with the equation above for the 
magnetic force, the field intensity B at a distance d 
from a current, is: 


By comparison with the equation above for the 
electric force, the field intensity E at a distance d 
from a charge q; is: 













Magnetic field lines* have:no beginning or end, 
but are always closed loops. This is because 
single north or south poles cannot exist. This is a 
fundamental difference compared to gravitational 
and electric fields. 


Electric field lines always begin at a positive 
charge and end at an equal negative charge. 






Uniform gravitational 
field (e.g. near surface 
of planet) \ 








Circular magnetic 
field lines 

around current- 
carrying wire. 












<1 > 









The electric potential difference between two 
points in an electric field is the work done against 
the forces of the field in moving a unit positive 

between them. 










Magnetic potential is much more difficult to define 
than for gravitational or electric fields because the 
field lines are circular. Note that if a point moves 
around a circular line in the diagram above, it . 
returns to the same point, which must have the 
same potential, although it has moved along a 

field line. This means that magnetic potential is 
complicated to calculate. 


























Electric potential 
decreases as point 

moves along field line 
in direction of field (in 
direction of arrow). 











Electric potential — 
higher at point P, than 
at P. 













Uniform field has constant 


Direction of 
strength and direction Tangent to field 


line at P field at P i esi 


Non-uniform field 















Field line 









* Magnetic field lines, 72. 











Vectors and scalars 





All quantities in physics are either scalar or vector quantities, depending on whether 
the quantity has direction as well as magnitude. 


e Scalar quantity. Any quantity which has 
magnitude only, e.g. mass, time, energy, 
density. 


@ Vector quantity. Any quantity which has both 
magnitude and direction, e.g. force, 
displacement, velocity and acceleration. When 
giving a value to a vector quantity, the direction 
must be given in some way as well as the 
magnitude. Usually, the quantity is represented 
graphically by an arrowed line. The length of 
the line indicates the magnitude of the quantity 
(on some chosen scale) and the direction of the 
arrow the direction of the quantity. 


e Parallelogram rule. A rule used when adding 
together two vector quantities. The two 
vectors are drawn from one point to form two 
sides of a parallelogram which is then 
completed. The diagonal from the original 
common point gives the sum of the two 
vectors (the resultant). 












The parallelogram 
rule is used to help 
navigation at sea. 
The direction and 
speed of the tide 
must be taken into 
account as the 
second vector 
quantity to be 
added to the 
direction and 
speed of 

the boat. 


‘ 


e Resolution. The process of splitting one 
vector quantity into two other vectors called 
its components. Normally, the two 
components are perpendicular to each other. 
Each component then represents the total 
effect of the vector in that direction, 


Lift (vector 
quantity) from 
rotor of helicopter 
can be resolved 
into two 
components. Ihe 
first acts upwards, 
in order to keep tt 
airborne, and the 
second acts 
forwards, to move 
it along. 


108 «Cosine, 344: Sine, 345. 





Velocity of tide 


Scale is 1cm = 
] 10 newtons 
Arrows 30 Ni 
represent 
forces (vector 
quantities). 
Length 
indicates 
magnitude of 
force. 






3cm 


Forces act in 
opposite 
directions 2.1cm 


(roermare— omemy foetal = ilrmitn mite «aes aime ahh Ama nies rier eA 











Resultant 
velocity of boat —_ 












a e 
/ 
Z 
4 
: 
Velocity of boat P / 
voor il Lines form 
- parallelogram 
Se 4 
First } P 
componentis | I 
upward force |) / \ 
(F x sine* 8) / | 
/ Lift F 
ie: Second 


component is 
forward force 
(F x cosine* 6) 


~—~— — —— ee ee 


zr 








Numbers 


Very large or very small numbers (e.g. 10 000 000 or 0.000 001) take a long time to write 
out and are difficult to read. The index notation is therefore used. In this notation, the 
position of the decimal point is shown by writing the power ten is raised to. 


1 000 000 or “ten to the six” 
100 000 oe or “ten to the five” 
10 000 : or “ten to the four” 
1 000 = or “ten to the three” 
100 or “ten to the two” 
10 or “ten to the one” 
1 any number “to the nought” equals one) 


Note that a negative index means “one 
over” so that 10° = 1/10° = 1/1000. 
This also applies to units, e.g. kg m* 
means kg/m® or kg per m°. 


0.1 -' or “ten to the minus one” 
0.01 -- or “ten to the minus two” 
0.001 “3 or “ten to the minus three 
0.000 1 “4 or “ten to the minus four” 
0.000 01 “> or “ten to the minus five” 
0.000 001 “6 or “ten to the minus six” 


Indices are added when multiplying 
numbers, e.g. 10° x 10° ( = 100000 x 
1/1000) = 105° = 10? = 100 


” 





e Standard form. A form of expressing numbers Examples of numbers written in standard form. 


in which the number always has one digit 56342 5.6342 x 104 

before the decimal point and is followed by a 4000 4 x 10° (assuming Os are not significant) 
power of ten in index notation to show its 23.3 2.33 x 10" 

magnitude (see also significant figures, page 0.98 98x10" 

103). . 


0.00211 2.11x10° 





a figure which has been calculated can be 
judged. For example, the mass of a person is 
about 60 kg. Therefore a calculated result of 50 
kg or 70 kg is quite reasonable, but a result of 6 
kg or 600 kg is obviously not correct. 


Item Length /m 


e Order of magnitude. A value which is 
accurate to within a factor of ten or so. It is 
important to have an idea of the order of 
magnitude of some physical quantities so that 


Typical orders of magnitude 


Item Mass / kg 














































Earth Radius of galaxy 

Car Radius of solar system 
Human Radius of earth 

Bag of sugar Height of Mount Everest 
Orange Height of human 
Golfball Thickness of paper 
Table-iennis ball Wavelength of light 
Proton Radius of atom 


























Radius of nucleus 


Item Energy / J 


Energy given out by 


Electron 


























Age of earth 2x40" 











Time since emergence of man 10'3 sun per second 

Human life time 2 x 10° Energy released by San 

thneceot yao 3x10" Francisco earthquake (1906) 

Time span of day 9x 104 Energy released by fission of 
; 1g of uranium 

Time between heart beats 1 . 

Camera shutter speed 102 Energy of lightning discharge 

Half life of Polonium-214 1.5 x 104 Energy of 1 KW fire per hour 


Time for light to travel 1 m 3x10° Kinetic energy of golf ball 
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Circuit symbols 


This table shows the main symbols used to represent the various components used in 
electric circuits (see also pages 60-65). 

















Switch 





Terminals 
Cd 


Resistor 


Connection 
to earth 


Wires 
crossed 













Alternating 
current source 


0, /‘0- 


Cell Battery 


4}--1 





Tenet 2, INP 
























Variable 
Capacitor Electrolytic Variable resistor Potentiometer 
capacitor -+- = Capacitor : 
Light 
dependent 
resistor. Fuse 







diode 


Diode Light 
-emitting A 











Inductor Inductor Transformer 
without with core 


core 


Galvanometer Ammeter 






“VWAMAMANAS 

















Voltmeter Relay Speaker Microphone 





Milliammeter 



























“npn” Field Amplifier Inverter OR gate 
transistor effect (NOT gate) 

transistor ; 
“pnp” NOR gate AND gate NAND gate 
transistor 





in | NOT 


o| 1 §->o— 
1 0 Input 


D> DD 


Transistors and gates 


Transistors* can be used to amplify electrical signals, such as those from a microphone, 
and are also used as electronic switches. This has led to their use in complex circuits 
such as computers. They have replaced the much larger and slower valves and relays”. 


i 
i 


below about 0.6 V means transistor 
3 $22 $ £ 











Logic gates 
The on and off states of a transistor are used to 


indicate the numbers 0 and 1. The circuits are 
therefore known as digital (others circuits are 


called analogue). Combinations of transistors 
with other components are used to make 
Circuits which carry out logical operations. 


Truth tables for basic logical operations 
Inputs 


Output | A| B | OR | NOR AND 
cad ’ | ae 


B 
A NAND 
B 


mi 


Combinations of these gates and other integrated circuits, and may contain many 
transistor circuits are used to make complex thousands of such components and 
circuits which can perform mathematical connections, yet be built into a single slice of 


operations, e.g. addition. These are called silicon. 


Computers 


Integrated circuits mean that many thousands 
of logic gates can be put onto a single tiny 


component called a microchip. The CPU of a 
computer (see below) can be put on one chip. : 


Typical computer system 


Disk drives are examples of input 
and output devices. They can 
store many times more data than 
the memory of the computer and 
also retain it when the computer 
is turned off (the information in 
the read only memory is lost). 


Devices such as a keyboard and screen are 
also input and output devices, from which 
data is put into the computer and to which it is 
sent. They are ways for the computer to link 
with the outside world. 










Memory. The section of computer 
where the instructions (or program) 
for the central processing unit 
and the data are held. There are 
two types, random access 
memory (RAM), where data can 
be stored (written) and retrieved 
(read), and read only memory 
(ROM), from which “prerecorded” 
data can only be read. 


Central processing unit (CPU). 
The centre of the computer. It 
takes data from memory and 
input devices, performs 
operations on it (it can do this 
millions of times per second) and 
sends the results to memory or 
output devices. 


* Potential difference, 58; Relay, 75; Transistor, 65. | | | 





Useful constants 


temperature. Values quoted here are for room temperature, 


(Density, specific heat capacity and resistivity all change with 
i.e. 18-22°C.) 


Properties of substances 
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Speed of light in vacuum 
Charge on electron 
Mass of electron 

Mass of proton 

Mass of neutron 
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Avagadro’s number 
Faraday’s constant 
Gravitational constant 
Gas constant 


Values of common quantities 
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1.00 x 10° kg m™ 


9.81 ms? 





Acceleration due to gravity g (gravitational field strength) 


Density of water 
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Density of mercury 
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Ice point (standard temperature) 


Steam point 
Standard atmospheric pressure 


Length of earth day 
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Physical chemistry 
Properties and changes 
States of matter 
Elements, compounds and 
mixtures 

Atoms and molecules 
Atomic structure 
Radioactivity 

Bonding 

Crystals 

Measuring atoms 
Representing chemicals 
Gas laws 

Solutions and solubility 
Energy and chemical 
reactions 

Oxidation and reduction 
Acids and bases 

Salts 

Electrolysis 

Reactivity 

Rates of reaction 
Reversible reactions 


Inorganic chemistry 


The periodic table 
Inorganic chemistry 
Hydrogen 

Group I, the alkali metals 
Group II, the alkaline-earth 
metals 

Transition metals 

Iron, copper and zinc 
Group III elements 
Group IV elements 
Carbon 

Group V elements 

Group VI elements 


184 Sulphur 
186 Group VII, the halogens 
189 Group VIII, the noble gases 


Organic chemistry 


190 Organic chemistry 

192 Alkanes 

193 Alkenes 

194 Alkynes/More homologous 
series 

196 Alcohols 

198 Petroleum 

200 Polymers and plastics 

202 Detergents 

204 Food 


Environmental chemistry 


206 Water 
208 Air and burning 
210 Pollution 


General 


211 The reactivity series 

212 The properties of the elements 

214. Naming simple organic 
compounds 

216 The laboratory preparation of 
six gases 
Laboratory tests 
Investigating substances 
Qualitative and quantitative 
analysis 
Apparatus 
Chart of substances, symbols 
and formulae 


We are grateful to the British Standards Institution for permission to 
reproduce the symbol on page 150. 


About chemistry 


In this book, chemistry is divided into four main colour-coded sections, followed 
by a black and white section of general material relating to the whole subject. 


Yellow section , 
Environmental chemistry 


Black and white section 


General material — charts and tables 
of properties, symbols and means of 
identification, plus information on 
apparatus, preparations, tests and 
forms of chemical analysis. 


Physical chemistry 


Inorganic chemistry 


Organic chemistry 


Chemistry is the study of the elements which form all existing substances. It 
covers their structure, how they combine to create other substances and how 
they react under various conditions. The areas covered by the four different 
colour-coded sections are explained below. 


Chemistry 


Organic chemistry 
section. Covers the 
carbon-chain 
compounds. Examines 
their structures and 
the various groups 
into which they fall. 


Physical chemistry 
section. Covers the 
structures, properties 
and behaviour of 
substances. Includes 
the basic laws of 
chemistry. 


Environmental 
chemistry section. 
Explains the interaction 
of naturally-occurring 
chemicals, and the 
effect of pollution. 


Inorganic chemistry 
section. Looks at the 
groups of elements in 
the periodic table, their 
uses and compounds 
(excepting carbon 
compounds). 





116 


118 


Physical chemistry 





1.Solids, liquids and gases, the changes 
between these states and the reasons 
for these changes in relation to the 
structure of a substance (see states of 
matter, pages 120-121, kinetic theory, 
page 123 and gas laws, pages 142-143). 





2.The physical and chemical 
composition of substances — their 
particles and bonding (see elements, 
compounds and mixtures, pages 122- 
123, atoms and molecules, pages 124- 
125, bonding, pages 130-134 and 
crystals, pages 135-137). 


Bonding in 
methane 







Atoms 






Molecule S is 


3.The structure of the atom and its 
importance in the structure of 
substances (see atomic structure and 
radioactivity, pages 126-129). 


Nucle 
fission 





Nucleus 
4.The measurement of quantities and the 
relationship between amounts of gases, 
liquids and solids (see measuring 
atoms, pages 138-139). 








Measurinc 
relative 
atomic 
mass 





Physical chemistry is the study of the patterns of chemical behaviour in 
chemical reactions under various conditions, which result from the 
chemical and physical properties of substances. Much of physical 
chemistry involves measurements of some kind. It covers the following: 














5.Special types of 
chemical behaviour 
(see acids and bases, 
pages 150-152 and 
salts, pages 153-155). 











Acid Base 














A ink 


~ Salt 











6.Representing 
chemicals and 
chemical reactions 
, (see representing 
_ chemicals, pages 
140-141). 


Y i S 
Eth 
Gm @ 
7.How substances NS 


mix (see solutions 5 
and solubility, 
pages 144-145). Solution 


8.Changes during chemical reactions (see 
energy and chemical reactions, pages 
146-147 and rates of reaction, pages 
160-161) and special reactions (see 
oxidation and reduction, pages 148-149 
and reversible reactions, pages 162-163). 


niet 


Molecules : 
reacting 9.The action of 


electricity on 
substances and the 
production of 
electricity from 
reactions (see 
electrolysis, 
pages 156-157 

and reactivity, 
pages 158-159). 















Different 
formulae 



























































: Flectrolysi 
10.The different levels 
of reactivity shown 
by substances and 
the reasons for this 
(see reactivity, Ve 
pages 158-159).  foumngN 
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Properties and changes 


@Physical properties. All the ePhysical change. A change which 
properties of a substance except those occurs when one or more of the 
which affect its behaviour in chemical physical properties of a substance is 













reactions. There are two maintypes— —_ changed. It is usually easily reversed. 
qualitative properties and b b é j 
quantitative properties. A physical change from b b 
aoa 2 g ere liquid to solid is caused by —~gy b 
eQualitative properties. Descriptive ee raw — the 
‘ , art t t 
properties of a substance which Go kinetic onc: caine 





cannot be given a mathematical value. 29). 
They are such things as smell, taste 

and colour. eChemical properties. Properties 
which cause specific behaviour of 
substances during chemical reactions. 







Qualitative properties are used in the description of a 
substance. : 


Solid 












Chemical properties 
depend on electron 
configuration”, 
bonding”, structure and 
energy changes. 














eChemical reaction. Any change 
which alters the chemical properties 
of a substance or which forms a new 
substance. During a chemical reaction, 
products are formed from reactants. 







Mell 
eQuantitative properties. Properties 
which can be measured and given a 








specific mathematical value, e.g. ; eReactants. The substances present at 
melting point, boiling point, mass", the beginning of a chemical reaction. 
hardness and density”. 





eProducts. The substances formed ina 











Density* (depends on the Hardness (depends on : 
mass’ of the particles and how bonding* and chemical reaction. 
they are packed together) structure) 





The rusting” of iron is a chemical reaction. 






Iron, water and Rust” is the product. 
» oxygen from the air 
are the reactants. 
















Malleability* and ductility* | Melting point (depends 
(depend on bonding* and on bonding* and 
structure) structure) 











Rust* 





Water 





Iron Oxygen 


(makes up 









Boiling point (depends Conductiyity* nearly all This reaction is quite slow - 
on bonding* and (depends on whether of steel) many reactions are much faster. 





@eReagent. A substance used to start a 
chemical reaction. It is also one of the 
reactants. Common reagents in the 
laboratory are hydrochloric acid, 

sulphuric acid and sodium hydroxide. 





| Solubility* charged particles can 
Pre yy move) 











* Bonding, 130; Conductivity, 62; Density, 24; Ductility, 344 (Ductile); Electron configuration, 127; Malleability, 345 (Malleable); 
Mass, 12; Rust, 174; Rusting, 209 (Corrosion); Solubility, 145. gig ” ¢ a 











@ Evaporation. A change of state fromm 
liquid to gaseous (vapour), due to 
the escape of molecules from the 
surface (for more about this, see 
page 31). A liquid which readily 
evaporates is described as volatile’. 


A solution of a salt* eventually 
forms crystals if left standing. The 
water evaporates and 
crystallization* takes place. 


eFreezing. The change of state from 
‘ liquid to solid, caused by cooling a 
liquid. The temperature at which a 
substance freezes is the freezing 
point, which is the same temperature 
as the melting point (see melting). 


States of matter 


A substance can be solid, liquid or gaseous. These are the physical 
states or states of matter (normally shortened to states). Substances 
can change between states, normally when heated or cooled to increase 
or decrease the energy of the particles (see kinetic theory, page 123). 
eSolid state. A state in whicha eLiquid state. A state in whicha 


substance has a definite volume and substance has a definite volume, but 
shape. can change shape. 


Solid state — 
volume and 
shape stay 
the same. 


Water freezes at 0°C or 273K. 





tin, 





®Liquefaction. A change of state from 


e Gaseous state. A state in whicha 
substance has no definite volume or 
shape. It is either a vapour or a gas. A 
vapour can be changed into a liquid 
by applying pressure alone; a gas 


Gaseous state — 
volume and 
shape will 

alter. 


must first be turned into a vapour by 
reducing its temperature to below a 
level called its critical temperature. 









Liquid state — 
volume stays 
the same, but 
shape alters. 


@Phase. A separate part of a mixture of 
substances with two or more states. A 
mixture of sand and water contains 
two phases -— the solid phase (sand) 
and the liquid phase (water). 

Liquid phase 





Solid phase 


eFluid. A substance that will flow, i.e. is 
either in the gaseous or liquid state. 


@Fusion. The change of state from solid 
to liquid of a substance which is solid 
at room temperature and pressure. The 
substance is described as fused (or 


molten). A solid that has been fused and 


then solidified into a different 
form is also described as fused. 


Fused sulphur 
(liquid) 






gaseous (gas) to liquid, of a substance 
which is a gas at room temperature and 
pressure. It is caused by cooling (to 
form a vapour) and increasing pressure. 


> 


Some gases are 
liquefied for 
transport. 






Condensation. A change of state from 
gaseous (gas or vapour) to liquid, 
of a substance which is a liquid at 
room temperature and pressure. It 
is normally caused by cooling. 











Changes of state 


Powdered 


7 i ‘ sulphur 
@Molten. Describes the liquid state ofa + 
substance which is a solid at room Hii 
temperature. 


A change of state is a physical 
change* of a substance from one state 
to another. It normally occurs because 
of a change in the energy of the 
particles, caused by heating or cooling gay 
(see kinetic theory, page 123). 


Fused sulphur 
(new solid form) 


© Boiling. A change of state from liquid 
to gaseous (vapour) at a temperature 
called the boiling point (see also 
pages 212-213). It occurs by the - a. cae 
formation of bubbles throughout the feet ee 







Water vapour condenses on cold mirror. 





Molten metal 
ya solidifies when 
cooled. 


Melting. The change of state from 
solid to liquid, usually caused by 
heating. The temperature at whicha 
solid melts is called its melting point 
(see also pages 212-213), which is the 
same temperature as its freezing 
point (see freezing). At the melting 
point, both solid and liquid states are 
present. An increase in pressure 
increases the melting point. All pure 
samples of a substance at the same 
pressure have the same melting point. 


liquid. All pure samples of the same 
liquid at the same pressure have the 
same boiling point. An increase in 

pressure tee the WG point. 


i 2 3 100 by 
ee ee | 


Solidification. The change of state 
from liquid to solid of a substance 
which is a solid at room temperature “ 
and atmospheric pressure. 


Ice (solid form 
of water) melts i 


at O°C or 273K. 


Sublimation. The change of state from 
solid to gaseous (gas, via vapour) 
on heating, and from gaseous directly 
to solid on cooling. At no stage isa 
liquid formed. See picture, page 162. 






®Vaporization. Any change resulting 
in a gaseous state, i.e. boiling, 
evaporation or sublimation. 


Water boils at 
100°C or 373K. 


120 = * Physical change, 119; Volume, 345. * Crystallization, 135; Salts, 153; Volatile, 345. 





122 


Elements, compounds and mixtures 


Elements, compounds and mixtures are the three main types of 
chemical substance. All substances are made of elements, and most are a 
combination of two or more elements. 


Element. A substance which cannot 
be split into simpler substances by a 
chemical reaction. There are just over 
100 known elements, classified in the 
periodic table*, and most are solids 
or gases at room temperature. All 
atoms of the same element have the 
same number of protons” in their 


nuclei* (see atomic number, page 127). 


Hydrogen atom 





Oxygen atom 


Chemical 
symbol H 
eCompound. A combination of two or 
more elements, bonded together in 
some way. It has different physical and 
chemical properties from the elements 
it is made of. The proportion of each 
element in a compound is constant, 
e.g. water is always formed from two 
parts hydrogen and one part oxygen. 





This is shown by its chemical formula’, 


H,O. Compounds are often difficult to 


split into their elements and can only be 


separated by chemical reactions. 


eBinary. Describes a compound 
composed of two elements only, e.g. 
carbon monoxide. 


wong 


Element | 


Mixture 
atoms oO! 
molecules 





* Formulae, 140; Nucleus, 126; Periodic table, 164; Proton, 126. 


O 
Element 2 OQ O 


separate 


eChemical symbol. A shorthand way of 
representing an element in formulae 
and equations (see pages 140-141). 
It represents one atom and usually 
consists of the first one or two letters of 
the name of the element, occasionally 
the Greek or Latin name. See pages 212- 
213 for a list of elements and their 
symbols, and pages 226-227 to match 
symbols to elements. 










Silver atom , Nitrogen atom 
Chemical 
symbol Ag 
Argentum is Chemical 
Latin for silver symbol N 


eMixture. A blend of two or more 
elements and/or compounds which 
are not chemically combined. The 
proportions of each element or 
compound are not fixed, and each 
keeps its own properties. A mixture 
can usually be separated into its 
elements or compounds fairly easily 
by physical means. 


eSynthesis. The process by whicha 
compound is built up from its 
elements or from simpler compounds 
by a sequence of chemical reactions, 
e.g. iron(II) chloride is made by 
passing chlorine gas over heated iron. 





chemically 
combined atoms or 
molecules (see 
bonding, pages 
130-134). 


ace 


Chemical ve 


gynthe™ 


— ——— 





eHomogeneous. Describes asubstance ®@Heterogeneous. Describes a substance 


which is the same throughout in its 
properties and composition, e.g. 
solutions (the particles of the solute* 
and solvent* are molecules or ions). 


Homogeneous 


Properties 
same 
throughout 





@Pure. Describes a sample ofa 
substance which consists only of one 
element or compound. It does not 
contain any other substance in any 


Kinetic theory 


The kinetic theory explains the behaviour of solids, liquids and gases, and 
changes of state* between them, in terms of the movement of the particles of 
which they are made (see diagram below). 


According to the 
kinetic theory: Heat gives 
particles 
enough energy 
to break the 
bonds keeping 


them together. 


Particles in solids are 
closely packed 
together. They vibrate, 
but do not move about. 


about. 


®Brownian motion. The random 
motion of small particles in water or 
air. It supports the kinetic theory, 
as it is clearly due to unseen impact 
with the water or air molecules. 






Pollen grains 
in water are seen 
to move randomly. 
They are hit by 
molecules of water. 


* Change of state, Fluid, 120; Miscible, 145; Solute, Solvent, 144; Suspension, 145. 








Particles in a liquid are 
quite close together, 
but are free to move 





which varies in its composition and 

properties from one part to another, 
e.g. suspensions” (the particles are 
groups of atoms, molecules or ions). 


Heterogeneous 


Properties differ 
from place to place 


contain traces of another then it is 
described as impure and the other 
substance is called an impurity. 


proportions. If the substance does ) 
| 


The greater the 

speed and frequency 
with which molecules 
of a gas hit surfaces, 
the higher i its S pressure. 


a ov Me pn 
Ly 


Eventually, heat 
gives particles 
enough energy 
to escape from 
the surface of a 
liquid to form 
gas. 








eo 
A gas copliees of widely 
spaced particles moving 
at high speed. 


@Diffusion. The process by which two 


fluids* mix without mechanical help. 
The process supports the kinetic 
theory, since the particles must be 
moving to mix and gases can be seen 
to diffuse faster than liquids. Only 


miscible* liquids diffuse. 


More dilute 
solution. 





Concentrated 
copper(II) 
sulphate solution 


2 days 
later 


Bromine 15 minutes 
gas later 
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Atoms and molecules 


Over 2000 years ago, the Greeks decided that all substances consisted of 
small particles which they called atoms. Later theories extended this 
idea to include molecules — atoms joined together. Inorganic* molecules 
generally only contain a few atoms, but organic* molecules can contain 
hundreds of atoms. 


molecules (see also covalent 
bonding, page 132). Atoms consist of 
three main types of smaller particles — 
see atomic structure, page 126. 


eAtom. The smallest particle of an 
element that retains the chemical 
properties of that element. The atoms 
of many elements are bonded together 
in groups to form particles called 


eAtomicity. The number of atoms in a 
molecule, calculated from the 
molecular formula* of the compound. 


@ Molecule. The smallest particle of an 
element or compound that normally 
exists on its own and still retains its 
properties. Molecules normally consist 
of two or more atoms bonded together 
— some have thousands of atoms. Ionic 

compounds* consist of ions* and do 

not have molecules. 


A molecule with an 
atomicity of one is 
described as monatomic. 












Helium 
A molecule with Se ee 


atomicity of two is 
described as diatomic. 








Tetrachloromethane (CCL) 
oT molecules consist of one 
carbon and four chlorine 


atoms. 


Hydrogen 


A molecule with an 
~=~_______ atomicity of three is 


described as triatomic. 
Water 





A molecule with an atomicity of over 
three is described as polyatomic. 


Neon molecules consist of 
a single neon atom. 






@Dalton’s atomic theory. John Dalton’s 
theory, published in 1808, attempts to 
explain how atoms behave. It is still 
generally valid. It states that: 







4. Atoms of different 
elements have different 
properties and different 
masses. 











> 


1, All matter is made upof & ls - 
tiny particles called atoms. 









5. When compounds form, the atoms of the elements 
involved combine in simple whole numbers (now known 
to be untrue for large organic* molecules containing 
hundreds of atoms). 


2. Atoms cannot be made, 

destroyed or divided (now . 
disproved ~ see . 
radioactivity, page 128). i 
fk 















3. All atoms of the same 
element have the same 
properties and the same 
mass (now disproved — see 
isotope, page 127). 













l ammonia 
molecule 


3 hydrogen 1 nitrogen 


LES atoms atom 









* Inorganic chemistry, 166; Ion, 130; Ionic compound, 131; Molecular formula, 140; Organic chemistry, 190. 





eTrimer. A substance with molecules 
formed from the combination of three 
molecules of a monomer’. 


eDimer. A substance with molecules 
formed from the combination of two 
molecules of a monomer”. 


eMacromolecule. A molecule 
consisting of a large number of atoms. 
It is normally an organic* molecule 
with a very high relative molecular 
mass”. 


Nitrogen dioxide (monomer) combines to form 
dinitrogen tetraoxide (dimer). 


NO2(g) + NOz(g) — N2Oq (g) 


Dinitrogen 
tetraoxide 


Nitrogen Nitrogen 
dioxide dioxide 


















Basic laws of chemistry 


Three laws of chemistry were put 
forward in the late 18th and early 19th 
centuries. Two pre-date Dalton’s 
atomic theory and the third (the law 


of multiple proportions) was 
developed from it. These laws were of 
great importance in the development 
of the atomic theory. 








@Law of conservation of mass. States > 
that matter can neither be created nor 
destroyed during a chemical reaction. 

It was developed by a Frenchman, 
Antoine Lavoisier, in 1774. 









Reactants Products 


eLaw of constant composition. States 
that all pure samples of the same 
chemical compound containthe same combine to form more than one 
elements combined in the same compound, then the different masses 
proportions by mass. It was developed of A which combine with a fixed mass 
by a Frenchman, Joseph Proust, in 1799. of Bin each compound are ina simple 
ratio. It is an extension of Dalton’s 
atomic theory. 


®Law of multiple proportions. States 
that if two elements, A and B, can 

















All molecules of 
methane contain four 
hydrogen atoms 
(relative atomic 
mass* 1) and one 
carbon atom (relative 
atomic mass 12). 


For one nitrogen atom: 















Nitrogen dioxide, 
NO, 






Proportion of carbon to 
hydrogen by mass = 
14:4= 371 






Nitrogen monoxide, NO 










Dinitrogen oxide, 
~<— All pure samples ofa N,O 
substance contain a 
whole number of 






molecules (i.e. parts of Number of atoms of oxygen 
molecules do not exist per atom of nitrogen are 2, 1 
in compounds). and 2 











So all samples of methane contain carbon 
and hydrogen in the ratio 3:1 by mass. 







Masses of oxygen in ratio 4:2:1 


* Monomers, 200; Organic chemistry, 190; Relative atomic mass, Relative molecular mass, 138. 
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Atomic structure 


Dalton’s atomic theory (see page 124) states that the atom is the 
smallest possible particle. However, experiments have proved that it 
contains smaller particles, or subatomic particles. The three main 
subatomic particles are protons and neutrons, which make up the 
nucleus, and electrons, which are arranged round the nucleus. 





®Electron shell. Also called a shell or 
energy level. A region of space in 
which electrons move around the 
nucleus of an atom. An atom can have 
up to seven shells, increasing in 
radius, and each can hold up toa 
certain number of electrons. The 
model on the right is a simplified 
one — in fact, the exact positions 
of electrons cannot be determined 
at any one time, and each shell 
consists of orbitals. 


* Relative atomic mass, 138. 


eNucleus (pl. nuclei) or 
») atomic nucleus. The 
structure at the centre of 
an atom, consisting of 
protons and neutrons 
(usually about the same 
number of each) packed 
closely together, around 
which electrons move. 
The nucleus makes up 
almost the total mass of 
the atom, but is very 
small in relation to the 
total size. 





The first three electron shells. 


The first shell can 
hold 1 or 2 electrons. 


The second shell can 
hold up to 8 
electrons. 





The third shell can 


hold up to 18 ————~_» "5 
electrons. 


The fourth shell can hold up to 32 electrons. 


@ Orbital. A region in which there can 
be either one or two electrons. Each 
electron shell consists of one or more 
orbitals of varying shapes. 


@QOuter shell. The last electron shell in 
which there are electrons. The 
number of electrons in the outer shell 
influences how the element reacts and 
which group it is in (see periodic 
table, pages 164-165). 


@Electron configuration. A group of 
numbers which shows the 
arrangement of the electrons in an 
atom. The numbers are the numbers of 
electrons in each electron shell, 
starting with the innermost. 


A sodium atom has an electron configuration of 2.8.1 


First shell contains 
two electrons. O 







Third 
shell contains 
one electron. 


There are 
no electrons 
in any other shell. 


®Octet. A group of eight electrons 
in a single electron shell. Atoms 
with an octet for the outer shell 
are very stable and unreactive. All 
noble gases* (except helium) have 
such an octet. Other atoms can 
achieve a stable octet (and thus have 
an electron configuration similar to 
that of the nearest noble gas) either by 
sharing electrons with other atoms 
(see covalent bonding, page 132) or 
by gaining or losing electrons (see 
ionic bonding, page 130). 


* Noble gases, |b9 





Atomic number. The number of 


eMiass number. The total number of 





Second shell contains 
eight electrons. 








eIsotope. An atom of an element in 








protons in the nucleus of an atom. The 
atomic number determines the 
element of the atom, e.g. any atom with 
six protons is carbon, regardless of the 
number of neutrons and electrons. 








protons and neutrons in one atom of 
an element. The mass number of an 
element can vary because the number 
of neutrons can change (see isotope). 
The mass number is usually about 
twice the atomic number. 


The atomic number and mass number are often wnitten 
with the symbol for the element. 


120-7 Naw 1 


number 















Atomic 









number 
6 aa” ia 
Number of protons = Number of protons = | 
atomic number = 6 






Number of electrons * Number of neutrons = 0 
6 (to balance 


number of protons) 








Mass number and atomic 
number the same. Nucleus 
of hydrogen is a single 
proton. 





Number of neutrons = 
mass number 
~ atomic number = 6 








which the number of neutrons is 
different from that in another atom of 
the same element. Isotopes of an 
element have the same atomic 
number but different mass numbers. 
Isotopes are distinguished by writing 
the mass number by the name or 
symbol of the element. 


Carbon has three isotopes. 

















Carbon-12 Cc 


sie 
ser ‘ 





Carbon-13 






Carbon-14 







5 neutrons 





Radioactivity 


eDecay series or radioactive series. ©®Half-life. The time taken for half of the 
The series of disintegrations involved atoms inasample ofa radioactive 
when a radioactive element decays, element to undergo radioactive decay. 


Radioactivity is a property of unstable nuclei* (for more about the 
reasons for their instability, see pages 84-85). It involves the nuclei 
breaking up spontaneously into nuclei of other elements and emitting 
rays or particles (radiation), a process known as radioactive decay. A 
radioactive element is one whose nuclei are gradually splitting up in this 
way. 


® Radioisotope or radioactive isotope. The general term for 
a radioactive substance, since all are isotopes*. There are 
several naturally-occurring radioisotopes, such as carbon- 
14, and others are formed in a variety of ways. For more 
about this, see page 86. 
Source of 


radiation Paper pf . Aluminium 
- sheet 





a-particles 
(shown as 4He) 





B-particles : 


sah 


© Beta particle (B- particle) ¢Gamma rays (y-rays). 


y-particles 


eAlpha particle (a- 
particle). One type of particle). A fast-moving Rays generally emitted 
particle emitted fromthe particle emitted froma after an alpha or beta 
nucleus* of a radioactive radioactive nucleus* particle froma 
atom. It is like a helium when a neutron”* splits radioactive nucleus*. 
nucleus, consisting of up. There are two They take the form of 


two protons* and two different types—formore waves (like light and 
neutrons’, hasarelative about this, see page 86. X-rays) and have a high 
atomic mass* of4anda_ Beta particles can penetrating power, going 


charge of plus 2. It moves penetrate objects with through aluminium sheet. 
slowly and has a low low density and/or They are stopped by 
penetrating power. thickness, e.g. paper. lead. 


disintegrations to become stable. For 
more about the different types of 
decay, see page 87. 


© Radioactive decay. The process 
whereby the nuclei* of a radioactive 
element undergo a series of 





Disintegration of uranium- New nucleus mass 
238 to thorium-234 number = 238-4 = 234 


fer ee 

f 

i 
@ en 


a-particle (mass New atomic number 
number* 4,atomic = 92-2 =90sonew 
Atom of U-238 number* 2) emitted. element is thorium. 


© Disintegration. The splitting of an 
unstable nucleus* into two parts, 
usually another nucleus and an alpha 
or beta particle. The atomic 
number” changes, so an atom ofa 
new element is produced. If this is a 
stable atom,thenno further _ 
disintegrations occur. If it is unstable, 
it disintegrates in turn and the 
process continues as a decay 
series until a stable atom is formed. 





Disintegration is shown by a nuclear equation. 





128 * Atomic number, Isotope, Mass number, 127; Neutron, Nucleus, Proton, 126; Relative atomic mass, 138. 


















producing various elements until an 
element with stable atoms is formed. 


Decay series for plutonium-242 to uranium-234. For 
' another example, see page 87. 


q <+— Alpha particle emitted 


>» 
~y 


Thorium-234 





ae 
~ 


Protactinium-234 


Uranium-238 






B 
Uranium-234 
eBequerel. A unit of radioactive 
decay. One bequerel is equal to one 
nuclear disintegration per second. A 
curie equals 3.7 x 10° bequerels. 





Uses of radioactivity 


®Nuclear fission. The disintegration of 


a nucleus* caused by bombardment 
with a neutron”. The nucleus splits, 
forming neutrons and nuclei of other 


elements, and releasing huge amounts 


Beta particle emitted 


The amount of radiation emitted is 
halved. The half-life varies widely, e.g. 
uranium-238, 4.5 thousand million 
years; radium-221, 30 seconds, 


Radioactive decay curve 





e Nuclear fusion. The combination of 


two nuclei’* to form a larger one. It will 
only take place at extremely high 
temperatures and releases huge 
amounts of energy. Nuclear fusion 
takes place in the fusion bomb’. 


of energy. The release of neutrons also ®Radioactive tracing. A method of 


causes the fission of other atoms, 
which in turn produces more neutrons 
—a chain reaction. An element which 
can undergo fission is described as 
fissile. Controlled nuclear fission is 
used in nuclear power stations’, 

but uncontrolled fission, e.g. in 
fission bombs”, is very explosive. 


Fission of uranium-235 


When hit by a 
neutron* the 

«4 nucleus 
disintegrates to 
form two other 


| elements, strontium 


Neutron* AS Ls and xenon, and 
y three neutrons. 
Uranium-235 Ff * 
nuclei* 


“a 
90 143 
3g01 + 544e ~ 3én 


A neutron* (mass eo 
number’ |, atomic 
number’ (0) 


@Radiocarbon dating or 


following a substance as it moves by 
tracking radiation from a radioisotope 
introduced into it. The radioisotope 
used is called a tracer and the 
substance is said to be labelled. 
Radiocarbon 


7 dating of 
carbon dating. A method eae 


used to calculate the time ‘mans. 
elapsed since a living | oe 
organism died by 

measuring the radiation it 

gives off. All living things 

contain a small amount of 

carbon-1]4 (a radioisotope) 

which gradually decreases 

after death. 


@Radiology. The study of radioactivity, 


especially with regard to its use in 
medicine (radiotherapy). Cancer 
cells are susceptible to radiation, so 
cancer can be treated by small doses. 





* Atomic number, 127; Fission bomb, Fusion bomb, 93; Mass number, 127; Neutron, 126; Nuclear power station, 94; Nucleus, 126. 














130. 


~~ Proton, 126. 


eValency electron. An electron, 


@Cation. An ion with a positive charge, vo 


elonization. The process of forming 


Bonding 


When substances react together, the tendency is always for their atoms 
to gain, lose or share electrons so that they each acquire a stable (full) 
outer shell* of electrons. In doing so, these atoms develop some kind of 
attraction, or bonding, between them (they are held together by bonds). 
The three main types of bonding are ionic bonding, covalent bonding 
(see pages 132-133) and metallic bonding (see page 134). See also 
intermolecular forces, page 134. 


atoms in ionic bonding and metallic 
always in the outer shell* of an atom, bonding“, but shared with other atoms 
used in forming a bond. It is lost by in covalent bonding”. 


Ions 


An ion is an electrically charged particle, formed when an atom loses or gains 
one or more electrons to form a stable outer shell*. All ions are either cations or 


anions. 


A fluorine atom has 
seven electrons in its 


formed when an atom loses electrons \ ns in 
in a reaction (it now has more protons* = ecard gaye 
than electrons). Hydrogen and metals @ a (anion) witha 
tend to form cations. Their atoms have ue eS 
one, twoorthree electronsintheir _ 

outer shells”, and it is easier for them 

to lose electrons (leaving a stable shell 

underneath) than to gain at least five 


more. Nucleus* (protons* 


h and neutrons* 
A magnesium atom has ) 


two electrons in its 
outer shell*. These are 
lost to form an ion | . . : 
(cation) witha @Anion. An ion with a negative charge, 


charge of +2. formed when an atom gains electrons 
in a reaction (it now has more 
Nucleus' ©leCctrons than protons*). Non-metals 
(protons* tend to form anions. Their atoms have 
and neutrons") — five, six or seven electrons in their 
outer shells’, and it is easier for them 
to gain electrons (and acquire a stable 
shell) than to lose at least five. Some 
oo anions are formed by groups of atoms 
A magnesium ion mia . : 
(cation) is written Mg’'. |Qaining electrons, e.g. acid radicals’. 


A fluoride ion (anion) is written F. 


Electrons 


Ionization of hydrogen chloride in water, forming 


i ic Qj hydrogen ions and chloride ions. 
ions. This either happens when atoms Te 


lose or gain electrons or when a 
compound splits up into ions, e.g. 
hydrogen chloride forming a solution. 





* Acid radical, 153; Covalent bonding, Covalent compounds, 132; Metallic bonding, 134; Neutron, Nucleus, 126; Outer shell, 127: 


eIonic compound. A 





Ionic bonding 


When two elements react together to form ions, the resulting cations and 
anions, which have opposite electrical charges, attract each other. They stay 
together because of this attraction. This type of bonding is known as ionic 
bonding and the electrostatic bonds are called ionic bonds. Elements far apart 
in the periodic table tend to exhibit this kind of bonding, coming together to form 
ionic compounds, e.g. sodium and chlorine (sodium chloride) and magnesium 
and oxygen (magnesium oxide). 


Sodium and chlorine react to form 


di hloride, an ionic compound. 
compound whose OT en ee 7. 


components are held Sodium atom 
together by ionic bonding. 
It has no molecules, instead 
the cations and anions 
attract each other to forma 
giant ionic lattice*. Ionic 
compounds have high 
melting and boiling points 
(the bonds are strong and 
hence large amounts of 


Chlorine atom 


A i 
tte 









Electron 
transferred 


energy are needed to | alertvan te 7 electrons in 
break them). They conduct outer shell” outer shell 

° . aa 
electricity when molten* or py) outer shell 


in aqueous solution* left Electrostatic 
because they contain SRE 

e ° 1s an lonic 
charged particles (ions) bond. 
which are free to move. 


e 
| ‘ x _ 
Sodium ion -_ ae XS ’ 


Note that there are no molecules — 
the formula gives the relative 
numbers of each ion in the giant 
ionic lattice* (in this case one to Formula of sodium chloride is 
one). NaCl or Na*Cl. 









Full outer shell formed 








* Aqueous solution, 144; Giant ionic lattice, 137; Molten, 120; Outer shell, 127. 
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Covalent bonding 


Covalent bonding is the sharing of electrons between atoms so that each atom 
acquires a stable outer shell*. Electrons are shared in pairs called electron 
pairs (one pair being a covalent bond). Covalent bonds between atoms are 
strong. However, covalent compounds (compounds with covalent bonds) are 
usually liquids or gases at room temperature (see also molecular lattice, page 
137). The melting and boiling points are low because the attraction between the 
molecules is small and hence little energy is needed to overcome it. They do not 
conduct electricity because there are no charged particles (ions*) present. 


eSingle bond. A covalent bond formed @Double bond. A covalent bond formed 
when one pair of electrons is shared when two pairs of electrons are shared 
between two atoms. between two atoms. 


An oxygen molecule 










A chlorine molecule 









has a single bond. > has a double bond. 

Chlorine atoms (each ao Oxygen atoms (each —__ ag 
with seven electrons with six electrons in 
in outer shell*) outer shell”) 





Pair of electrons 
shared (one electron 
from each atom) 





Two pairs of electrons 
shared (two electrons 
from each atom) 


Each atom now has a 
A single bond is shown ina stable outer shell* of A double bond is shown in 
formula by a single line: eight electrons (see a formula by a double line: 
(1.0% octet, page 127). O-O 


Each atom now has a 
stable outer shell* of 
eight electrons (see 
octet, page 127). 


eTriple bond. A covalent bond formed @Dative covalent bond or coordinate 

when three pairs of electrons are bond. A covalent bond in which both 
shared between two atoms. electrons in the bond are provided by 
the same atom. It donates a lone pair. 


A nitrogen molecule has a triple bond. 











Nitrogen atoms (each Ce i, 
with five electrons in iy 
outer shell") 


Ammonium ion (NH,*) 







Ammonia molecule (NH3) 


ag 








Dative 
covalent 
bond 






Three pairs of 
+ electrons shared 
(three electrons 


from each atom) Both electrons 


provided by 


Each atom now has a nitrogen atom 


stable outer shell" of 
eight electrons (see Hydr ogen »® 
octet, page 127). ion (H™) 


Lone pair 


A triple bond is shown ina 
formula by a triple line: N =N 


* Ion, 130; Outer shell, 127. 











eLone pair. A pair of electrons in the 


outer shell* of an atom which is not 
part of a covalent bond (see ammonia 
picture on previous page). 


eElectronegativity. The power of an 


atom to attract electrons to itself ina 
molecule. If two atoms with different 
electronegativities are joined, a polar 
bond is formed. Weakly 
electronegative atoms are sometimes 
called electropositive (e.g. sodium) 


as they form positive ions fairly easily. 


6+ Hydrogen nucleus* 


| }Polar bonds 
._ Y (electrons nearer 
carbon nucleus* 
—it has a higher 
electronegativity). 












Methane molecule 
(non-polar molecule). 

Its shape is tetrahedral 
because 





electron 

pairs in ' 
Pia st Nay ovr aie a 
other. x Fl 5t 


Hydrogen end of each bond has slightly positive 
charge but tetrahedral shape means molecule has no 
overall positive or negative ends. 


Carbon dioxide Water molecule 
molecule (non- 
polar) is linear 
(atoms in straight 


line). pairs in bonds. 





eIsomerism. The occurrence of the 


same atoms forming different 
arrangements in different molecules. 


* Graphic formula, 140; Ionic compound, 131; Isomers, 190; Molecular formula, 140; Nucleus, 126; Outer shell, 127; Polar solvent, 


144; Transition metals, 172. 


(polar) is V-shaped ~» & om 
or non-linear — lone 
pairs repel electron 








ePolar bond. A covalent bond in which 
the electrons are nearer to one atom’s 
nucleus* than the other. This effect is 
called polarization. It is caused by a 
difference in electronegativity 
between the atoms, the electrons being 
more attracted to one than the other. 


ePolar molecule. A molecule witha 


difference in electric charge between 
its ends, caused by an uneven 
distribution of polar bonds, and 
sometimes by lone pairs. Liquids with 
polar molecules may be polar 
solvents* and may dissolve ionic 
compounds”. A non-polar molecule 
has no difference in charge at its ends. 


Lone pair (electrons) 3* Ammonia molecule 
gives this enda slightly %& (polar molecule). 

negative charge and Ad Its shape is pyramidal. 
repels the electron 










pairs in the polar Polar bonds 
bonds, giving (see methane 
molecule, 


molecule its 


shape. left). 






a 





bt 
Hydrogen Each hydrogenend has a Nitrogen 
nucleus” slightly positive charge nucleus* 


(see methane molecule, left). 


e_.° Boron trichloride 

> molecule (non- 
polar) is triagonal 
or trigonal planar 
— electrons in bonds 

_ repel each other. 












The arrangements are isomers*: They 
have the same molecular formula* 
but different graphic formulae’. 
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® van der Waals’ forces. Weak 























Metallic bonding 


Metallic bonding is the attraction between particles in a giant metallic lattice” 
(i.e. in metals). The lattice consists of positive ions* of the metal with valency 
electrons’ free to move between them. The free or delocalized electrons form 
the bonds between the metal and, because they can move, heat and electricity 
can be conducted through the metal. The forces between the electrons and ions 
are strong. This gives metals high melting and boiling points, since relatively 
large amounts of energy are needed to overcome them. For more about other 
types of bonding, see pages 130-133. | 


Giant metallic 


ns ®Delocalization. The sharing of 
attice 


a molecule or giant metallic lattice”. 
Delocalized electrons can belong to 
any of the atoms in the lattice and are 
able to move through the lattice, so the 
metal can conduct electricity and heat. 


Metal cations” 


Delocalized 
electrons 
transmit 
electricity and 
heat. 





Weak van der 
Waals’ forces hold 
a molecular 

lattice* together 


Intermolecular forces 


attractive forces between molecules 
(intermolecular forces*) caused by © 
the uneven distribution and movement 
of electrons in the atoms of the 
molecules. The attractive force is together in 
approximately twenty times less than i 
in ionic bonding”. It is the force which 
holds molecular lattices* together, 

e.g. iodine and solid carbon dioxide. P 


Atoms held 


covalent 
bonding* 






5+ 


Water molecule 
(polar 
molecule*)—— 








<4 eHydrogen bond. An attraction 

between a polar molecule* containing 
‘ hydrogen and a lone pair” of 

at electrons in another molecule. The 
= polar bonds* mean that each 

hydrogen atom has a slightly positive 
charge and is therefore attracted to the 
electrons. Hydrogen bonding accounts 


Polar bond* 
mo 
~~ 






Lone pair‘ wets 


of electrons 






Hydrogen bond _ 






(usually .* 

represented by a _ x} ‘ ‘ diay ‘ i 

dotted line) ‘ ‘Ne j o for high melting and boiling points in 
ee water in relation to other substances 


This aneate with small, but non-polar molecules’. 

asma 

laces Both the hydrogen bonds and the van 
e der Waals’ forces must be overcome 


to separate the molecules. 









Hydrogen 
atom 


* Cation, 130; Covalent bonding, 132; Giant metallic lattice, 137; Intermolecular force, 7; Ion, 130; Ionic bonding, 131; Lone pair, 
133; Molecular lattice, 137; Non-polar molecule, 133 (Polar molecule); Polar bond, 133; Valency electron, 130. 
























































‘ 
| 


valency electrons”* by all the atoms in XY. . 


} 


»— 


Crystals 


Crystals are solids with regular geometric shapes, formed from regular 
arrangements of particles. The particles can be atoms, ions or molecules 
and the bonding of any type or mixture of types. The edges of crystals 
are straight and the surfaces flat. Substances that form crystals are 
described as crystalline. Solids without a regular shape (i.e. those which 
do not form crystals) are described as amorphous. 


eCrystallization. The process of 
forming crystals. It can happen ina 
number of ways, e.g. cooling molten* 
solids, subliming”* solids (solid to gas 
and back), placing a seed crystal ina 
supersaturated* solution or placing a 
seed crystal in a saturated” solution 
and cooling or evaporating the 


Methods of crystallization 


i. Solvent* allowed to evaporate 


Saturated* 
solution 


2 
Seed crystal 


Saturated* 
solution 


Solvent* 
allowed to 


solution. The last method is the most 
common. Either cooling or evaporating 
means that the amount of soluble 
solute* decreases, so particles come 
out of solution and bond to the seed 
crystal, which is suspended in the 
solution. Crystallization can be used to 
purify substances — see page 221. 


Imperfect crystals 
of original solute* 


ae Pht “oN jr 

o% : 

Cer DAL Le 
Sia | fo 


el 


Solute* coming 
out of solution 
attaches itself 
to seed crystal, 
producing 
large, perfectly- 
formed crystal. 





evaporate 


eSeed crystal. A small crystal of a 
substance placed in a solution of the 
same substance. It acts as a base on 
which crystals form during 
crystallization. The crystal which 
grows will take on the same shape as 
the seed crystal. 


eWater of crystallization. Water » 


contained in crystals of certain salts*. 
The number of molecules of water 
combined with each pair of ions is 
usually constant and is often written in 
the chemical formula”* for the salt. The 
water can be driven off by heating. 
Crystals which contain water of 
crystallization are hydrated”. 


Mother liquor 


eMother liquor. The solution left after 


crystallization has taken place ina 
solution. 
Hydrated* copper(II) sulphate 


Five water 
molecules to 
each pair of 
ions in 
copper(II) 
sulphate 





CuSO,4.5H2,O0 
Hydrated* sodium sulphate 


Ten water 
molecules to 
each pair of 
ions in sodium ___-yw 
sulphate 





Na2SO4.JOH,0 





* Formulae, 140; Hydrated, 155 (Hydrate); Molten, 120; Salts, 153; Saturated, Solute, Solvent, 144; Sublimation, 121; Supersaturated, 


145. 














Crystals continued - shapes and structures : 

Crystal lattices ge ee 
Crystals (see page 135) exist in many different shapes and sizes. This is due to sins cage 178) 
the arrangement and bonding of the particles (atoms, molecules or ions*). The , 
arrangement in space of the particles and the way in which they are joined is 7 
called a crystal lattice. The shape of a particular crystal depends on its crystal 


lattice and how this lattice can be split along cleavage planes. The main crystal 


eGiant atomic lattice. A crystal > 
lattice consisting of atoms held 
together by covalent bonding”, e.g. 
diamond. Substances with giant atomic 


—+— Tetrahedral’ _ 
shapes are 
linked together 


136 


shapes are shown below. 


Basic shapes from which 


Tetragonal 
large crystals are built. ) 


~ 
en al 
AYN 
Wi tH 





Cubic 





@Polymorphism. The occurrence of 
two or more different crystals of the 
same substance, differing in shape and 
appearance. It is caused by different 
arrangements in the separate types. 


Monoclinic 







Triclinic Hexagonal 









eEnantiotropy. Polymorphism in 
which there are two stable forms of a. 
substance, one above its transition 
temperature, and one below. 





lattices are extremely strong and have 
very high melting and boiling points. 


Covalent 
bond* 


Giant ionic 
lattice of 
sodium 
chloride 


Carbon atom 


Giant ionic lattice. A crystal lattice 
consisting of ions* held together by 
ionic bonding”, e.g. sodium chloride. 
The ionic bonds are strong, which 
means the substance has high melting 
and boiling points. 


Giant metallic lattice of zinc Zinc cations” 


Sulphur exhibits eGiant metallic lattice. Acrystal »> 
Changes between types often take i : oo 
g YP nas eo ate oe lattice consisting of metal atoms held 


place at a certain temperature called 
the transition temperature. 
Polymorphism in elements is called 
allotropy. 


eAllotropy. The occurrence of certain 
elements in more than one crystalline 
form. It is a specific type of 
polymorphism. The different forms 
are called allotropes and are caused 











Transition 


temperature ~ 96°C 








Monoclinic 
sulphur* 





sulphur* 


eTransition temperature. The 
temperature at which a substance 


together by metallic bonding”, e.g. 
zinc. The delocalized* electrons are 
free to move about, making a metal a 
good conductor of heat and electricity. 
The layers of atoms can slide over one 
another, making metals malleable* | 
and ductile”. 


Delocalized* \ | 
electrons 


@ eMolecular lattice. A crystal lattice 


Molecular lattice of Caiee 
consisting of molecules bonded 


solid iodine 





by a change in arrangement of atoms exhibiting enantiotropy changes from < together by weak intermolecular 
in the crystal. one form to another. fx forces (see page 134), e.g. iodine. The 
pee : ; : . > intermolecular forces are overcome 
eMonotropy. Polymorphism in which e¢Isomorphism. The existence of two or | ince when the crystal is broken, not the 
there is only one stable form. The more different substances with the molecule covalent bonds* in the molecules, so 
other forms are unstable and there is same crystal structure and shape. the crystal has low melting and boiling 
no transition temperature. They are described as isomorphic. 4 points compared with ionic compounds 
In crystals where the particles are allthe » 
‘ls same size, e.g. in a giant metallic lattice, 
wal various arrangements of the particles are 


* Ion, 130; Monoclinic sulphur, Rhombic sulphur, 184. 





Simple cubic 





possible. The most common are shown 


here. 
Hexagonal 


Face-centred 
cubic or cubic 
close packing 


* Cation, 130; Covalent bond, Covalent bonding, 132; Delocalization, 134; Ductile, 344; Ion, 130; Ionic bonding, Ionic compound, 
131; Malleable, 345; Metallic bonding, 134; Tetrahedral, 133. 





e & 4k 
Measur Ing atoms ee nag a cpemaien A area of 
the amount of a solute” dissolved ina 
With a diameter of about 10 ‘ millimetres and a mass of about 10°” | ae ieee oe urns J solvent’, expressed in moles per 
grams, atoms are so small that they are extremely difficult to measure. | are atoms in 12 grams of the dm" (mol dm“). Mass concentration 
Their masses are therefore measured in relation to an agreed mass to carbon-12 isotope’. is the mass of solute per unit volume, 


e.g. grams per dm? (g dm °). 


give them a manageable value. Because there are many millions of atoms 
in a very small sample of a substance, the mole is used for measuring 

quantities of particles. The masses of atoms and molecules are measured = Z 
using a machine called a mass spectrometer. Eachmoleof | Eachmoleof A mole of sodium 













A water molecule i Pitino a oe — chloride contains 
- . . ; vogadro’s ogadro’s j i 
eRelative atomic mass or atomic | al onttigine ote Seeds seca ea i sa | iors ic. | emelotealite” Sani of solvent* Concentration 
weight. The average mass (i.e. taking ag two hydrogen atoms. ecaheniiiaiat of 2mol dm 
| i i i : Concentration is the number of moles of solute* 
into account relative isotopic mass eAvogadro’s number. The number Pear iar 


and isotopic ratio) of one atom ofa Gf patticles ner make. ecrual 6 6.02. x 
substance divided by one twelfth the 1022 ronik ” Sica eMolarity. A term sometimes used to 
mass of a carbon-12 atom (see isotope, describe the concentration when 
page 127). See page 83 for more about _The relative molecular eMolar mass. The mass of one mole expressed in moles of solute* per _ 
its units, and pages 212-213 for a mae approximately of a given substance. It is the relative dm® of solvent*. The molarity is also 
table of relative atomic masses. sie che 4 ae atomic or molecular mass of a expressed as the M-value, e.g. a 
nibs ee ee te eo eaiok substance expressed in grams. solution with a concentration of 3 mol 
carbon-12 atom Relative atomic Relative molecular dm ~ has a molarity of 3 and is 















Approximate relative = 23 mass = 23 + 35.5 described as a 3M solution. 
molecular mass 
= 40 + (2 x 35.5) 
= 111. 1 mol of 1 mol of 
sodium sodium 
chloride 








Hydrogen has a relative atomic — 1 NAT 
mass of approximately 1. sii Al Molarmass 23g Molar mass 58.5g Sao TN ye } 
on vabrenatee aa see Pw ce eMolar volume. The volume of one lmol CuSO,each 1dm’ water 2M solution 
Called molecular weight, relative mole of any substance, measured in A 2M copper(II) sulphate solution contains 2 mol of 
formula mass or formula weight. The cubic decimetres (dm°). Molar copper(II) sulphate in each dm’. 
mass of ree TY. a an element or volumes of solids and liquids vary, @Molar solution. A solution that 
eae é , : y one twelfth the but all gases under the same contains one mole of a substance 
ar an ae phate ae isotope, conditions have the same molar dissolved in every cubic.decimetre 
nok 4 fe tis the sum oft : volume. The molar volume of any gas (dm?*) of solution. It is therefore a IM 
PE an oe : te MAESES Ol CAS StOMS at s.t.p.* is 22.4 dm® and at r.t.p. solution (see molarity). 
mass of approximately 16. mi tie morecwe. (room temperature and pressure, 1.e. 
Natural sample of chlorine | 20°C and 101325 pascals*) it is 24 dm’. 
a i : i contains about three times as ————» 
Relative sotopic —— The mass of many atoms of Cl-35 as Cl-37. In solids and liquids, 
an atom of a specific isotope* divided molar volume 
by one twelfth the mass of a carbon-12 ROI re { oe iis 
: * ~ : 
atom. It is nearly exactly the same as { ig particles. lmol copper(II) 1ldm*water §1dm* molar solution 
the mass number" of the isotope. f , sulphate of copper(II) sulphate 


A 1M or molar solution of copper(II) sulphate 
contains | mol of copper(II) sulphate in each dm’. 


Isotopic ratio is 


@Isotopic ratio. The ratio of the number 





of atoms of eachisotope* inasample  \.,.. wy ane enalee 2 jellies , 
} . ape Cl- 35 and 25% C1-37. A ciara : 
of an element ft is used with relative ( f oarten aod 4 /eStandard solution. A solution of 
e e . . { . e ° 
isotopic mages to calculate the MO oe s reladi a ciel ates / ak aad tg which the concentration is known. It 
e ° Lull a molar volume. Cl * e 
relative atomic mass of an element. Ma. ag = (3 x 35) + (1 x 37) +4 = 355 particles are not is used for volumetric analysis”. 





bonded together. 
138 * Ionic compound, 131; Isotope, Mass number, 127. * Isotope, 127; Pascal, 97; SI units, 96; Solute, Solvent, 144; s.t.p., 143; Volumetric analysis, 222. 


Names 


Representing chemicals 


eTrivial name. An everyday name @Systematic name. A name which 
Most chemicals are named according to the predominant elements they a 2 oe see It er es shows oo cae apar 
contain. Information about the chemical composition and structure of a connie ate i Gavia aae ioe oe ieee) yoga: Male ae 
compound is given by a formula (pl. formulae), ™ which the chemical compound. e.g. salt (sodium chloride), oxidation number* of elements with 
symbols“ for the elements are used. A chemical equation shows the chalk (calcium carbonate). Variable osddation mates Tho 


reactants and products of a chemical reaction and gives information 
about how the reaction happens. 


bonding (see pages 130-134) can also 
be worked out from the name. In some 
cases the systematic name is simplified. 


eTraditional name. A name which 
gives the predominant elements of a 






aa rareiae substance, without Sere ly giving some systematic names are the same 
¢Empirical formula. A formula e Molecular formula. A formula their quantities or showing the as traditional names. See also naming 

showing the simplest ratio ofthe atoms representing one molecule of an structure of the substance. some simple organic compounds, page 214. 

of each element in a compound. It element or compound. It shows which traditional names are systematic A 

ivial Traditional 

does not show the total number of elements the molecule contains and Te en eee ehet docket 

atoms of each element in a covalent the number of atoms of each in the 4 Ferrous sulphate iit aut 

compound", or the bonding in the molecule, but not the bonding of the a nop ae 

compound (see pages 130-134). molecule (see pages 130-134). Me A be ee ee eee 








“ state” of iron, state* of 

Shows ren are ~ Shows there ne eStereochemical i.e. Fe** sulphur is +6 Systematic name 
two carbon atoms _\__ twogroups, eac a : : ; 
and four hydrogen -\ onecarbonandtwo formula or 3- eeuruetiee mally simplified to oe pein aa 
atoms. . hydrogen atoms, dimensional , | ' P 1 pag 

structural Equations 

formula. A formula _ Pie 

eWord equation. An equation in which 
which shows the o | 


the substances involved in a reaction 
are indicated by their names, e.g: Hee Rccaciiseeuation’® Cas 


However, thenamesmaybereplaced ,.~ ~~ \——~ Nw 
by the formulae of the substances tc PR 


3-dimensional 
arrangement of the 
atoms and bonds* 
in a molecule. See 

. page 190 for the 
Shows which atom is : 
bonded to which, and ster eochemical 







Shows there are 
two hydrogen 
atoms to every 





carbon atom. Diabieniaot : Pao tc alar ed formula of opposite page). 
ethene molecule present. methane. : 

eShortened structural formula. A eDisplayed formula or full structural 3 " 
formula which shows the sequence of formula. A formula which shows the eBalanced eaten. An equation ix in 
groups of atoms (e.g. a carboxyl arrangement of the atoms in relation to which the number of atoms of each 
group”) ina molecule andthe bonding eachother ina molecule. All the bonds element involved in the reaction is the 7 
(see pages 130-134) between the groups inthe molecule are shown. same on each side of the equation Ge. | 
of atoms (shown as lines). it obeys the law of conservation of _ 


mass*). The numbers of molecules of 
each substance are shown by the 
number in front of their formula, €.g J 


e biveeiitacs 
~ composition. bei 
composition of a 
compound 





expressed interms | 
of the percentage © 
— of its mass taken 
“upbyeach element, Mwoorvvenatoms renee 


elonic equation. An equation which > 
only shows what happens to the ions in — 
a reaction. 





1 40 * Bénds, 130; Carboxyl group, 195 (Carboxyle acids); Chemical symbol, 122; Covalent compounds, Double bond, 132; Relative * Aqueous solution, 144; Law of conservation of mass, 125; Oxidation number, Oxidation state, 149; Physical states, 120. 


atimic mass, Relative molecular mass, 138; Single bond, 132. 
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Gas laws 





The molecules in a gas are widely spaced and move about in a rapid, 

chaotic manner (see kinetic theory, page 123). The combined volume of 
the gas molecules is very much smaller than the volume the gas occupies 
and the forces of attraction between the molecules are very weak. This is 


true for all gases, so they all 
behave ina similar way. There are 
several gas laws that describe this 
common behaviour (see below). 





@Boyle’s law. At constant 
temperature, the volume of a gas is 
inversely proportional to the 
pressure (the volume decreases as 


the pressure increases). 
Vv 












A 
@Pressure law or Third gas law. At 
constant volume, the pressure is 










eIdeal gas. A theoretical gas that 
behaves in an “ideal” way. Its 
molecules have no volume, do not 
attract each other, move rapidly in 
straight lines and lose no energy when 
they collide. Many real gases behave 
in approximately the same way as 
ideal gases when the molecules are 
small and widely spaced. 


* Gas constant, 113; Mole, 139. 


Gas at constant 
temperature, pressure and 
volume 


directly proportional to the temperature 
on the absolute temperature scale (the 
pressure increases with the temperature). 





®Charles’ law. At constant pressure, 
the volume is directly proportional to 





the temperature on the absolute 


temperature scale (the gas expands 


as the temperature increases). 

















A 


®Ideal gas equation or General 


gas equation. An equation that shows 
the relationship between the pressure, 


volume and temperature of a fixed 


mass of gas. 


Small, widely-spaced 
molecules 


Behaves like an ideal 
gas. 





Large molecules close 
together 





Does not behave like an 
ideal gas. 








e@Partial pressure. The pressure that 
each gas in a mixture* of gases would 
exert if it alone filled the volume 
occupied by the mixture. 


®Dalton’s law of partial pressures. 
The total pressure exerted by a 
mixture* of gases (which do not react 
together) is the sum of the partial 
pressure of each gas in the mixture. 


Mixture of 
A, Band C 










Pressure = 
pA + pB + pC 
(sum partial 


pressures) 






®Graham’s law of diffusion. If the 
temperature and pressure are 
constant, the rate of diffusion* of a gas 
is inversely proportional to the square 
root of its density. The density of a gas 
is high if its molecules are heavy and 
low if its molecules are light. Light 
molecules move faster than heavy 
molecules, so a gas with a high density 
diffuses more slowly than a gas witha 
low density. 


Cotton wool soaked in 
concentrated hydrochloric acid 


Cotton wool soaked 
in ammonia solution 


se seh Seer ists ‘Co. i fe f 
White ring of ammonium Hydrogen 
gas chloride forms. chloride gas 





Light ammonia molecules diffuse* faster than 
hydrogen chloride molecules. The two gases meet 
further towards the right-hand end of the tube. 





@Relative vapour density. The density 
of a gas relative to the density of 
hydrogen. It is calculated by dividing 
the density of a gas by the density of 
hydrogen. Relative vapour density is a 
ratio and has no units. 





* Celsius scale, 27; Diffusion, 123; Mixture, 122; Pascal, 97. 





eGay-Lussac’s law. When gases react 
together to produce other gases and 
all the volumes are measured at the 
same temperature and pressure, the 
volumes of the reactants and products 
are in a ratio of simple whole numbers. 


aCO(g) + O2(g) > 2CO,(g) 












According to Avogadro’s law, these two jars contain 
the same number of molecules. 


@ Avogadro’s law or Avogadro’s 
hypothesis. Equal volumes of all gases 
at the same temperature and pressure 
contain the same number of molecules. 


@s.t.p. An abbreviation for standard 
temperature and pressure. These are 
internationally agreed standard 
conditions under which properties 
such as volume and density of gases 
are usually measured. 


© Absolute temperature scale. A 
standard temperature scale, using 
units called kelvins (K). A kelvin 
is the same size as a degree Celsius”, 


but the lowest point on the scale, zero 
kelvins or absolute zero, is equal to 
—273 degrees : 
Celsius, a 
theoretical point 
where an ideal 
gas would occupy 
zero volume. 


To convert degrees 
Celsius to kelvins, add 273. 


To convert kelvins to 
degrees Celsius, 
subtract 273. 


Absolute zero -273°C 


Degrees 
Celsius* 


100°C 


OC 
ice 








Solutions and solubility 


When a substance is added to a liquid, several things can happen. If the 
atoms, molecules or ions of the substance become evenly dispersed 
(dissolve), the mixture” is a solution. If they do not, the mixture is either 
a colloid, a suspension or a precipitate. How well a substance dissolves 
depends on its properties, those of the liquid and other factors such as 
temperature and pressure. 


eSolvent. The substance in whichthe . @Non-polar solvent. A liquid with 
solute dissolves to form a solution. non-polar molecules*. Non-polar 
solvents dissolve covalent 
compounds”*. The solute molecules 
are pulled from the molecular lattice* 


been’ by the solvent molecules and diffuse* 
a Solute through the solvent. Many organic 
X f liquids are non-polar solvents. 


Particles of 

solute and Solvation Molecules in solution Non-polar* 
solventare ofiodine linked byweakvan _ tetrachloromethane 
evenly der Waals’ forces’. molecule 


dispersed. ‘S it 
OO 


} 
A 


eSolute. The substance which dissolves 
in the solvent to form a solution. 






Solution 


eSolvation. The process of solvent 


a . , solvent 
molecules combining with solute molecules pull 8 
molecules as the solute dissolves. ~~ eae : 
When the solvent is water the process nae % 


is called hydration. Whether or not 
solvation takes place depends on how 
much the molecules of the solvent and 
solute attract each other. 


eAqueous solvent. A solvent containing 
water. Water molecules are polar*, so 
aqueous solvents are polar solvents. 


ePolar solvent. A liquid with polar eAqueous solution. A solution formed 
from an aqueous solvent. 


molecules’. Polar solvents generally | 

: ‘ * . OR Aqueous solvents are ofsK 

dissolve ionic compounds”. Solvation mm polar solvents and form No 

occurs because the charged ends of RA aqueous solutions. A) 
U 


j Non-polar solvents 
the solvent molecules attract the ions ee 
| solvents and form 
_) non-aqueous solutions 


of the giant ionic lattice*. Water is the 
eDilute. Describes a solution with a low 






most common polar solvent. 


Solvation in water (hydration) Polar* water 
of sodium chloride, molecule concentration” of solute. 
Anions* : : 
a attracted to Concentrated. Describes a solution 
ae 2 O g with a high concentration* of solute. 
water ‘ * 
t molecules. eSaturated. Describes a solution that 
lons in solution 


water molecules. | given temperature (any more solute 
on ce me | dH will remain as crystals). If the 
negative temperature is raised, more solute 
may dissolve until the solution 


. ends of @ 
~ water 2 
t molecules. a. _ becomes saturated again. 


144 * Anion, Cation, 130; Concentration, 139; Covalent compounds, 132; Diffusion, 123; Giant ionic lattice, 137; lonic compound, 131; 
Mixture, 122; Molecular lattice, 137; Non-polar molecule, 133 (Polar molecule); van der Waals’ forces, 134. 


of a surrounded by will not dissolve any more solute at a 


eSolubility. The amount of a solute . : 
which dissolves ina particularamount | ®P¥eeipitate. An insoluble solid (see 






of solvent at a known temperature. soluble) formed when a reaction 
occurs in a solution. 

The solubility of a to produce a 

solute ataparticular @————> saturated Precipitates 

temperature is: tin solution. are named 
according 
to their 





appearance. i it 
Flocculent Creamy Heavy 
The number of which must be added 









The reaction below forms a Dense 
grams ofsolute —_to 100 grams of solvent ae = precipitate of . aie precipitate 
sii : silver chloride. mC OY) of silver 
The solubility of a solid usually Ree) chloride 





increases with temperature, while the 


solubility of a gas decreases. mie) + Rel > ME 


Silver Sodium %___ This symbol means 





nitrate chloride precipitate 


@Miscible. Describes two or more 
liquids which diffuse* together. The 
opposite is immiscible. 


Sugar dissolves betterin Warmsoft drinks ‘ins more Suspension. Fine particles of a solid 
hot tea than cold water. bubbles than cold ones. (groups of atoms, molecules or ions) 
suspended in a liquid in which the 
solid does not dissolve. 

Particles can be 


filtered out. 
wy ge Particles settle 
ie to the bottom. 


The change of solubility with 
temperature is shown by a solubility 
curve. 





4 CTT | beg 
2S “my Suspensionof Clear | | or 
3 L/ sand in water water —=_. is ieee 
D Ms __| |eColloid. A mixture’ of extremely 
£ 4nnei particles of a substance 
4 . _.|...| | dispersed in another in which it does 
3 : : _| not dissolve. The particles (groups of 
Terppefatute in “C pe ~ | | atoms, molecules or ions) are smaller 
®Soluble. Describes a solute which than in a suspension. 
dissolves easily in a solvent. The —_— Particles pass 
opposite of soluble is insoluble. ees) ENG paper 
and do not settle. 








eSupersaturated. Describes a solution bo hee, 
with more dissolved solute than a 
saturated solution at the same 


temperature. It is formed when a 





solution is cooled below the ee s 

temperatur i i Emulsion. A colloid consisting Foam. A colloid of 
Pp e at which it would be of tiny particles of one liquid small bubbles of 

saturated, and there are no particles dispersed in another liquid,e.g. gas dispersed in a 










liquid. 





wus 





for the solute to crystallize* around, pacha 
so the “extra” solute remains ~~ 
dissolved. The solution is unstable — if 
crystals are added or dust enters, the 


“extra” solute forms crystals. 


A 
% ’ 
Mist. A colloid 
consisting of tiny 
particles of a liquid 
29, dispersed in a gas. 


Smoke. A colloid 
consisting of tiny 

particles of a solid 
dispersed in a gas, 


* Crystallization, 135; Diffusion, 123; Mixture, 122. 3 145 








eEnthalpy change of reaction or heat 
of reaction (AH). The amount of heat 
energy given out or absorbed during a 
chemical reaction. If the reaction is a 
change of state”, this amount is also 
known, particularly in physics, as the 
latent heat (see page 30). Hence the 






molar enthalpy changes of fusion 
and vaporization on page 147 are 
closely allied to the specific latent 
heats on page 31, though the 
quantities are different (each being 
more relevant to its science). | 





eEnthalpy change of combustion or 


Energy and chemical reactions 


Nearly all chemical reactions involve a change in energy. Some reactions 
involve electrical energy or light energy, but almost all involve 

heat energy. The change in energy in a reaction results from the different 
amounts of energy involved when bonds are broken and formed. The 
study of heat energy in chemical reactions is called thermochemistry. 


eEnthalpy (H). The amount of energy 
that a substance contains. It is 
impossible to measure directly, but its 
change during a reaction can be 
measured. 


eEnergy level diagram. A diagram 
which shows the enthalpy change of 
reaction for a reaction. 










Reactants 





Se ea ST ah be 








oe AH = —488 kJ 






/A\H is negative here 








2H,O(g) 
Products 






eStandard enthalpy change of 
reaction (/\H°). An enthalpy change 
of reaction measured under standard 
conditions, i.e. standard temperature 
and pressure (s.t.p.*). If solutions are 
used, their concentration” is 1M”*. 


2H,(g) + O.(g) > 2H,O(g) AH = — 488k] 





J stands for joule’, 
a unit of energy. kJ 
stands for kilojoule 
(1000 joules). 


The value of /\His only true for 
the number of moles* and the 
physical states" of the 
chemicals in the equation. 


®Enthalpy change of neutralization or 
heat of neutralization. The amount of 
heat energy given out when one mole* 
of hydrogen ions (H‘ ) is neutralized* 
by one mole of hydroxide ions (OH ). 
If the acid and alkali are fully ionized”, 
the heat of neutralization is always 

57 kJ. The ionic equation” for 


Special enthalpy changes 


heat of combustion. The amount of 
heat energy given out when one mole* 
of a substance is completely burnt in 
oxygen. The heat of combustion for a 
substance is measured using a bomb 











calorimeter. Risa eat 
| neutralization is: 
Bomb calorimeter Electric current Oxygen fed 
used to start in "1 
combustion, - = = H (aq) + OH (aq) — H,0(1) JAH= — 87k] 
Rise in water Hydrogen Hydroxide Water 
ion ion molecule 









temperature 


used to 

Caleulate NOt mn Heat given When a weak acid* or a weak base” 
given off by out by bf : 

burning combustion 1S involved, the heat produced is less. 
substance. Substance Ome energy must be supplied to 
Steel container undertest lonize the acid fully. 





146 = * calorimetry, 344; Concentration, 139; Ionic equation, 141; Ionization, 130; Joule, 97; M-value, 139 (Molarity); Mole, 139: 
Neutralization, 151; Physical states, 120; s.t.p., 143; Weak acid, Weak base, 152. 


ili ene Bk RR al 


—~— 








@Exothermic reaction. A chemical 
reaction during which heat is 
transferred to the surroundings. 


Energy is given out 

to the surroundings 
“@—— in an exothermic 
/AHis reaction. 


negative. Products 


,  Reactants 





eEndothermic reaction. A chemical 
reaction during which heat is 
absorbed from the surroundings. 


>>. Ais Products 


positive. Energy is absorbed 


from the surroundings 
in an endothermic 
reaction. 


’ a Reactants 
eBond energy. A measure of the 
strength of a covalent bond* formed 
between two atoms. Energy must be 
supplied to break bonds and is given 
out when bonds are formed. A 
difference in these energies produces 
a change in energy during a reaction. 









Cl,(g) , Ha(g) 


Energy needed Energy 

tobreak  mmmgem @ een Given out 

bonds in 2Cl(g) when H and 
Chand Hp. oc a ©! form HCl. 


eummed 2HC](G) femme 


H,(g) + Cla(g) > 2HClg) 


@Enthalpy change of solution or heat 
of solution. The amount of heat energy 
given out or taken in when one mole* 
of a substance dissolves in sucha 
large volume of solvent” that further 
dilution produces no heat change. 


eMolar enthalpy change of fusion or 
molar heat of fusion. The amount of 
heat energy required to change one 
mole” of a solid into a liquid at its 
melting point. Energy must be 
supplied to break the bonds in the 
crystal lattice* of the solid. 


— ae 


This means for 


Ice atO°C Water at0°C each mole’. 


AH = +6.0 kJ cy 


eLaw of conservation of energy. 
During a chemical reaction, energy 
cannot be created or destroyed. Ina 
closed system* the amount of energy 
is constant. 


@Hess’s law. This states that the 
enthalpy change of reaction that 
occurs during a particular chemical 
reaction is always the same, no matter 
what route is taken in going from the 
reactants to the products. Hess’s law is 
illustrated by an energy cycle. 

Energy cycle 





C+D 
Route | Products 
/\H3 
Route 2 
/\Hl /A\H2 





By Hess’s law: 


(for reaction (for reaction 
E+F—C+D A+B—-C+D 


(for reaction 





A+B—E +F) 


Hess’s law is used to find enthalpy 
changes of reaction which cannot be 
measured directly, e.g. the enthalpy 
change of formation of methane. 


eMolar enthalpy change of 
vaporization or molar heat of 
vaporization. The heat energy 
needed to change one mole”* ofa 
liquid into a vapour at its boiling point. 


Steam at 100°C 
AH = +41kJ mol™ 





C This means for each mole”. 


@Enthalpy change of formation or 


heat of formation. The heat energy 
given out or taken in when one mole* 
of a compound is formed from elements. 





C(qraphite) + 0,(g) —> CO.) AH= —3%4k) 


Carbon Oxygen Carbon 
dioxide 







* Closed system, 162; Covalent bond, 132; Crystal lattice, 136; Mole, 139; Solvent, 144. 14 i 


148 





Oxidation and reduction 


The terms oxidation and reduction originally referred to the gain and 
loss of oxygen by a substance. They have now been extended to include 
the gain and loss of hydrogen and electrons. There is always a transfer of 
electrons in reactions involving oxidation and reduction, that is, the 
oxidation state of one or more of the elements is always changed. 


eOxidation. A chemical reaction in 
which one of the following occurs: 


1. An element or compound gains oxygen 


ere + Cs) — CO,(g) + 2Cu(s) 


Oxidizing Element 
agent oxidized 


Carbon gains 
oxygen 


2. A compound loses hydrogen 


ClAa) + HS(@)— 2HCIa) + 8 


Oxidizing Compound 
agent oxidized 


Hydrogen sulphide 
loses hydrogen 


3. An atom or ion loses electrons 
Cleo) + ais ee “> 2Na' CI (Ss) 


Sodium loses 


Oxidizing Atom 
electrons 


agent oxidized 


A substance that undergoes 
oxidation is said to be oxidized, and 
its oxidation state is increased. 
Oxidation is the opposite of 
reduction. 


eOxidizing agent. A substance which 
accepts electrons, and so causes the 
oxidation of another substance. The 
oxidizing agent is always reduced in 
a reaction. 





Q oe : 
@Redox. Describes a chemical Fe(s) + CuSO,(aq) — F ae + Cu(s) 
reaction involving oxidation and Fe** ion 


reduction. The two processes 


Fe atom 


Iron atom 
— loses 2 
electrons from 










always occur together because ered outer er It 

* . * ° s e B 
an oxidizing agent is always "ne electrons iS: 
reduced during oxidation and a a 

: Elect 
reducing agent is always Se rors eh Cuatom | 
oxidized during reduction. The <+— — ion 
simultaneous oxidation and slacker, 
Full is reduced. 


reduction of the same element ina oer 
reaction is called disproportionation. shell 





* Outer shell, 127. 





— 





- 
é ese cS 


eOxidation number. A number that 
shows the oxidation state of an 
element in a compound. It is written in 
Roman numerals and placed in 
brackets after the name of the element. 
It is only included in the name ofa 
compound when the element has more 
than one oxidation state. 





Oxidation number of 4 
and oxidation state of +4 


Oxidation number of 3 
and oxidation state of +3 


@Redox series. A list of substances 
arranged in order of their redox 
potentials, the substance with the 
most negative redox potential being 
placed at the top. A substance usually 
oxidizes any substance above it in the 
series and reduces any substance 
below it. The further apart substances 
are in the series, the more easily they 
oxidize or reduce each other. The 
redox series is an extended version of 
the electrochemical series”. 


Deihiesw' AN AN lc Oa 
@Redox potential. A measurement of 











the power of a substance to gain 
electrons in solution. A strong 
reducing agent, which readily loses 
electrons (which it can give to another 
substance), will have a high negative 
redox potential. A strong oxidizing 
agent, which easily gains electrons, 
will have a high positive redox 
potential. Redox potential is the same 
as electrode potential”*. 


Oxidizing agents 


Reducing agents 


Lithium 
Potassium Iodine 
Calcium Bromine 
Sodium 

Magnesium 


Increase 


Increase Dichromate ||! 
i In power. 


in power. ion ee 
Redox edox 

potential Chlorine potential 
becomes Manganate becomes 


more ion more 
positive. 


Aluminium 
Zinc 

Lead negative. Hydrogen 
Iron peroxide 
Hydrogen Fluorine 
Copper 


Silver 


* Covalent compounds, 132; Electrochemical series, 159; Electrode potential, 158; Giant ionic lattice, 137; lonic compound, ||! 








Acids and bases 


All chemicals are either acidic, basic or neutral. In pure water, a small 
number of molecules ionize*, each one forming a hydrogen ion (a single 
proton’) and a hydroxide ion. The number of hydrogen and hydroxide 
ions is equal, and the water is described as neutral. Some compounds 
dissolve in, or react with, water to produce hydrogen ions or hydroxide 


ions, which upset the balance. These compounds are either acids or bases. 


— Some acids are 
> corrosive and 
may have warning 
\labels. 


eAcid. A compound containing 
hydrogen which dissolves in water to 
produce hydrogen ions (H* — 
protons”) in the solution. Hydrogen 
ions do not exist on their own in the 
solution, but join with water molecules 
to produce hydroxonium ions. These eAcidic. Describes any compound with 
ions can only exist in solution, so an the properties of an acid. 
acid will only display its properties 


when it dissolves. @Hydroxonium ion (H3;0°) or 


oxonium ion . An ion:formed when a 
hydrogen ion attaches itself to a water 
molecule (see acid). When a reaction 
takes place in a solution containing 
a — —= hydroxonium ions, only the hydrogen 
Ascorbic acid Methanoic acid Ee se ao ion takes part. Hence usually the 
hydroxonium ion can be considered to 


Hydrogen Blue litmus* turns red. : 
chloride "® (g) Tis be a hydrogen ion. 
WwW 
Negative end }) Water molecule 


7 olar molecule“) 
Seas in ata ’ > 4 — (p 


Se : Hydrogen ion A Positive end 
(aq) (ad) | AON a attracted to negative ant H. 


Combines with ) —“ eMineral acid: An 
water molecule ~4— Hydroxonium ion. ‘ ‘ , 
acid which is 


(aq) 
Dilute acids have a sour taste, a pH* of produced 
less than 7 and turn blue litmus” red. chemically froma 
They react with metals above mineral, sn 
hydrogen in the electrochemical hydrochloric acid 


series* to produce hydrogen gas. is produced fr om 
sodium chloride 


and sulphuric acid 
is produced from 
sulphur. 





Dilute strong acids* react with . 
carbonates or hydrogencarbonates to @Organic acid. An organic 
produce carbon dioxide gas and are compound” that is acidic. The most 


neutralized by bases. common ones are carboxylic acids”. 


150 * Carboxylic acids, 195; Electrochemical series, 159; Ionization, 130; Lead-acid accumulator, 159; Litmus, 152; Organic 
compounds, 190; pH, 152; Polar molecule, 133; Proton, 126; Salts, 153; Strong acid, 152. 







@Base. A substance that will neutralize | ¢Amphoteric. Describes a substance 
an acid by accepting hydrogen ions. It | that acts as an acid in one reaction, but 


is the chemical opposite of an acid. as a base in another, e.g, zinc hydroxide. 


Bases are usually metal oxides and 
hydroxides, although ammonia is also 

a base. A substance with the properties 
of a base is described as basic. A base Be en 

which dissolves in water is analkali. |@Anhydride. A substance that reacts 
Ammonia is produced when a base is with water to form either an acidic or 
heated with an ammonium salt’. an alkaline solution (see hydrolysis, 
page 155). It is usually an oxide. 





Sodium Magnesium 
hydrogencarbonate (— hydroxide (an 
(baking soda) ’ antacid* — 
=n neutralizes acid @ 
indigestion) 





@Neutral. Describes a substance that 
does not have the properties of an 
acid or base. A neutral solution has an 
equal number of hydrogen and 


Ammonia (used in 
cleaning agents) 


eAlkali. A A ins normally a hydroxide hydroxide ions. It has a pH* of 7 and 


of a Group 1 or Group 2 metal, which is | does not change the colour of litmus”. 
soluble in water and produces 


hydroxide ions (OH) in solution. a 

These make a solution alkaline. contains an 
equal number 
of hydrogen 


— a Red litmus* turns blue. and hydroxide 


1ONs. 





Hydroxide eNeutralization. The reaction between 


ions an acid and a base to produce a salt* 
ee... Rect | Y | and water only. An equal number of 
ions - hydrogen and hydroxide ions react 


together to form a neutral solution. 
The acid radical* from the acid and 
cation* from the base form a salt. 


(aq) 


eAlkaline. Describes a solution formed 
when a base dissolves in water to form 
a solution which contains more 
hydroxide ions than hydrogen ions. 
Alkaline solutions have a pH”* of 





eBronsted-Lowry theory. Another way 


more than 7, turn red litmus* blue, and | of describing acids and bases. It 
feel soapy because they react withthe | defines an acid as a substance which 
skin. Alkaline solutions produced from | donates protons’, and a base as one 
strong bases* react with a few metals, | which accepts them. 


e.g. zinc and aluminium, to give off 
hydrogen gas. 





CH,COOH(aq) + H,O(1) =H,0*(aq) + CH;COO (aq) 


* Acid radical, 153; Antacid, 344; Cation, 130; Litmus, pH, 152; Proton, 126; Salts, 153; Strong base, 152. 








Acids and bases continued — strength and concentration. 


The concentration* of acids and 
bases (see previous two pages) 
depends on how many moles* of the 
acid or base are in a solution, but the 
strength depends on the proportion of 
their molecules which ionize* to 
produce hydroxonium ions* or 
hydroxide ions. A dilute strong acid 
can produce more hydrogen ions than 
a concentrated weak acid. 


eStrong acid. An acid that completely 
ionizes* in water, producing a large 
number of hydrogen ions in solution. 

Hydrochloric acid (strong 


@ acid). All hydrogen 
chloride molecules split up. 


Acid radical (Cl”) 
@Weak acid. An acid that only partially 
ionizes* in water, i.e. only a small 
percentage of its molecules split into © 
hydrogen ions and acid radicals. 





Ethanoic acid (weak acid). 
Only some molecules 
split up. 


Acid radical (CH;COO~) 

Ht 

Strong base. A base that is completely 
ionized* in water. A large number of 
hydroxide ions are released to give a 
strongly alkaline solution. 

Sodium hydroxide (strong 


4 base). All the molecules 
are ionized". 








@Weak base. A base that is only 
partially ionized* in water. Only some 
of the molecules of the base split up to 
produce hydroxide ions, giving a 
weakly alkaline solution. 


Ammonia reacts slightly with water to give a low 
concentration of hydroxide ions: 





®pH. Stands for power of hydrogen, a 
measure of hydrogen ion 
concentration* in a solution. 


The pH scale 
Acids have Hydrogen 
more ion 
hydrogen concentra- 
ions than tion* of 
hydroxide 10 *M* or 
ions. 0.01M. 
A neutral* 
solution has Each 
an equal decrease of 
number of one means 
hydrogen ten times as 
and many 
hydroxide hydrogen 
ions. ions. 
Alkaline 
solutions 
have more ali 
ee concentra- 
ions than tion* of 
hydrogen 10-°Mr*, 





10ns. 
eIndicator. A substance whose colour 
depends on the pH of the solution it is 
in. Indicators can be used in solid or 
liquid form. Some common ones are 
shown at the bottom of this column. 


eLitmus. An indicator ae 
which shows whether a 
solution is acidic or 
alkaline. Acids turn blue 
litmus paper red, and 
alkaline solutions turn red 
litmus paper blue. 






Alkaline 
solution 


eUniversal indicator. An indicator, 
either in the form of paper or in 
solution, which shows the pH ofa 
solution with a a of colours. 


More 
alkaline 
6-6 8 d ‘| fl la 


— Red below 3, 
yellow above 4.5 


Different More 
indicators acidic 
i, 2 3 q 












Universal 
indicator 
Litmus 
(paper form) 
Methyl 
orange 
Phenolph- Colourless below 
thalein 8.5, pink above 9.5 
Bromothymol Yellow 


ee 
blue below 6.5 above 7.5 





* Concentration, 139; Hydroxonium ion, 150; Ionization, 130; M-value, 139 (Molarity); Mole, 139; Neutral, 151. 








Salts 


All salts are ionic compounds* 
which contain at least one cation” 
and one anion* (called the acid 
radical). Theoretically, they can all 
be formed by replacing one or 
more of the hydrogen ions in an 
acid by other cations (one or more) 
e.g. metal ions (see below) or 
ammonium ions. Salts have many 
industrial and domestic uses. 





A 
Acid 





Sodium 
chloride 
(NaCl) 


Potassium 
nitrate (KNO,) 


Ammonium 
nitrate 
(NH,NO3) 


Calcium sulphate 
(CaSO,) 


‘ 





a 
Salt 


@Acid radical. The anion’ left afterthe @Normal salt. A salt containing only 


hydrogen ions have been removed 
from an acid. See table below. 


The radical name identifies the salt. 
Copper (II) sulphate Sodium chloride 





” Reid 
radical 


Cation* Cation* 


eBasicity. The number of hydrogen 
ions in an acid that can be replaced to 
form a salt. Not all the hydrogen ions 
are necessarily replaced. 


Hydrochloric acid is monobasic. 


Ethanoic acid is monobasic. 


Sulphuric acid is dibasic. 


Phosphoric acid is tribasic. 


* Anion, Cation, 130; Ionic compound, 131. 


metal ions (or ammonium ions) and the 
acid radical, formed when all the 
hydrogen ions in an acid are replaced 
by metal ions (or ammonium ions). 


Copper (II) sulphate and ammonium chloride (normal salts 


Metalion Acidradical Ammoniumion Acid radical 


CuSO, 


eAcid salt. A salt containing hydrogen 


ions as well as metal ions (or 
ammonium ions) and the acid radical, 
formed when only some hydrogen 

ions in an acid are replaced by metal 
ions (Or ammonium ions). Only acids 
with a basicity of two or more can 

form acid salts. Most acid salts are 
acidic, but some form alkaline solutions. 


Sodium hydrogensulphate 


(acid salt) Hydrogen ion 


Metal ion Acid radical 
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Salts (continued) 
eBasic salt. A salt containing a metal 
oxide or hydroxide, metal ions and an 


acid radical”*. It is formed whena 
base” is not completely neutralized* 


by an acid. 
Yo wa— Metal ion 
Hydroxide 


ion F ~~ radical* 


Basic zinc chloride 
(basic salt) 





Zn(OH)Cl 


eComplex salt. A salt in which one of 
the ions is a complex ion. This is made 
up of a central cation* linked 
(frequently by dative covalent 
bonds“) to several small molecules 
(usually polar molecules”) or ions. 


Preparation of salts. 


Salts can be made in a number of 
ways, the method depending on | 
whether a salt is soluble or insoluble in 
water (see table below). Soluble salts 
are crystallized* from solutions of the 
salts (obtained in various ways — see 


right) and insoluble salts are obtained — 


in the form of precipitates”. 










®Double salt. A salt formed when 


solutions of two normal salts* react 
together. It contains two different 
cations* (either two different metal 
ions or a metal ion and an ammonium 


ion) and one or more acid radicals”. 
Alum, or aluminium Metal ions 
potassium 

sulphate-12-water 
(double salt) 








Acid 
radical* 


Tetraammine 
copper(II) sulphate Complex ion SS 


(complex salt) Sf} ae 

, ’ i - : “f vo - 
eK 

(Cu(NHz),)SO, 3 ha H?* 


Soluble salts can be made by the 
following methods, which all produce 
a solution of the salt. This is partly 
evaporated and left to crystallize’. 


radical* 


K2SO, Al,(SO,)s 













Acid radical* 


1. Neutralization’, in which an acid | ig 
neutralized by an alkali. 











Acid Salt | Water ! 






Alkali 


2. The action of an acid on an iaoitnle! : 
carbonate. 









Insoluble 
carbonate 


3. The action of an acid on an insoluble 
base’. 


Acid Salt "Water Carbon 
- dioxide 





Insoluble Acid Salt Water 
base* 


* Acid radical, 153; Base, 151; Cation, 130; Crystallization, 135; Dative covalent bond, 132; Neutralization, 151; Normal salt, 153; 
Polar molecule, 133: Precipitate, Solubility, 145. 


eHydrate. A salt 





eDouble decomposition. A chemical 
_ reaction between the solutions of two 
or more ionic compounds” in which 


_ which forms a precipitate*. Most 


- made by this method - the precipitate © 
ds saps 3 out and ‘absgpeasies 









eAnhydrate. A eHydrolysis. The reaction of a salt with 


that contains salt thatdoes not water. The ions of the salt react with 
water of contain waterof water molecules, upsetting the balance 
crystallization* crystallization* of hydrogen and hydroxide ions, and 
(itis hydrated). (itis anhydrous). so giving an acidic or alkaline solution. 
The salt becomes The saltbecomes Asalt which has been made from the 


reaction between a weak acid* anda 
strong base” dissolves to give an 
alkaline solution. One which has been 
made from the reaction between a 


an anhydrate ifthe a hydrate if it 
water is removed. absorbs water. 


Copper(II) sulphate can be a 


hydrate or anhydrate. ee Z 
CuSO, 5H,0 CuSO, + 5H,O strong acid and a weak base ; 
é Water driven off by heating | dissolves to give an acidic solution. 
5 Iron(III) chloride (salt) Products 





Copper(II) sulphate crystals are hygroscopic* 
(absorb water from the air). 


e-- HE 


eDehydration. The removal of water Water "Thin wonane Hvarduen iois 
from a substance. It is either removal reversible _» | left in solution 
of hydrogen and oxygen in the correct reaction make it acidic. 
Iron and hydroxide 






ratio to give water, or removal of water 


i ions form iron(II) 
from a hydrate to give an anhydrate. SOE RSD SPOR ll 


hydroxide. 





eDirect replacement. A reaction in 
which all or some of the hydrogen in 
an acid is replaced by another 
element, usually a metal. It is used to 
prepare soluble salts, except salts of | 
sodium or potassium, both of which | 
react too violently with the oe : 


-Zn(s) + HSO4(aq) > Zn $0, aq) 


_ Dilute re sulphuric | 


ions are exchanged. One of the new 
compounds formed is an insoluble salt, 


insoluble salts and hydroxides are 






Lead(II) — 
nmate FF .\ oe 7 ah i : a: 


Precipitate 
Oe 










- Potassium - 
von ‘remove 
excess zinc 










eDirect synthesis. A chemical reaction 


in which a salt is made directly fromits | | Mixtureof 


elements. This method is used to make _ hee 
salts whichreact withwaterand =~ | » sulphur. se | 
therefore cannot be made by using | oe 


solutions. ges 





* Crystallization, 135; Exothermic reaction, 147; Hygroscopic, 206; Ionic compound, 131; Precipitate, 145; Reversible reaction, 162; 
Strong acid, Strong base, 152; Water of crystallization, 135; Weak acid, Weak base, 152. 








Electrolysis 


Electrolysis is a term describing the chemical reactions which occur 
when an electric current* is passed through a liquid containing ions. 
Metals and graphite conduct electric current because some electrons are 
free to move through the crystal lattice*, but molten” ionic 
compounds* or compounds which ionize* in solution conduct electric 
current by the movement of ions. 


Molten* sodium chloride Copper(II) sulphate solution 








eElectrolyte. A compound which 
conducts electricity when molten* 
or in aqueous solution* and 
decomposes during electrolysis. All 
ionic compounds” are electrolytes. 


They conduct electricity because © O @ O =) 
when molten or in solution their ions © 
® @ | @ee 


are free to move. Cations* carry a 
positive charge and anions” a Non-electrolyte.A Weakelectrolyte. Strong electrolyte. 


Chloride anion* 


Water molecule 
Copper cation* 








. . : compound which An electrolyte An electrolyte 
negative one. The numb er of ions in does not ionize*. which is only which is ionized* 
an electrolyte determines how well partially ionized*. completely. 


it conducts electricity. 

eElectrode. A piece of metal or 
graphite placed in an electrolyte via 
which current” enters or leaves. 


eElectrolytic cell. A vessel containing 
the electrolyte (either molten” or in 
aqueous solution”) and the electrodes. 





_ Positive Electrolytic cell Negative 
There are two electrodes, the anode terminal of terminal of 
battery battery 
and cathode. 
Electrons Electrons 
eInert electrode. An electrode that leave cell enter cell 
. ; ; re. 
does not change during electrolysis, — 9 
e.g. platinum. Some inert electrodes de 
do react with the substances liberated. the anode Cathie in 
‘ is the the 
eActive electrode. An electrode, electrode placteads 
ms ; witha witha 
usually a metal, which undergoes — at oe ei 
chemical change during electrolysis. charge. Electrolyte charge. 


156 * Anion, 130; Aqueous solution, 144; Cation, 130; Crystal lattice, 136; Current, 159; lonic compound, 131; Ionization, 130; Molten, 120. 


eFaraday’s first law of electrolysis. 
The mass of a substance produced by 
chemical reactions at the electrodes 
during electrolysis is proportional to 
the amount of electricity passed 
through the electrolyte. 


Amount of electricity = current x time 


() 


La 









Time 
( ‘) 
= double mass 
(-) iN 
= fon Ht CN a 
Double time = double mass 


©Voltameter or coulometer. A type of 
electrolytic cell used to measure the 
amount of a substance liberated 
during electrolysis. 


@Coulomb (C). The SI unit* of 
electric charge. One coulomb of 
electricity passes a point when one 
ampere” flows for one second. 


Electrolysis in industry 


eElectro-refining. A method of 
purifying metals by electrolysis. Only 
the metal ions take part in electrolysis, 
the impurities are lost. 


Impure eure : Pure 
copper copper 
anode cathode - 
Copper atoms 

give up 


Copper(II) 
sulphate 
solution 


electrons to 
form copper 
ions in the 
solution. These 
are attracted to 
the cathode. 





Impurities form a sludge. 


® Metal extraction. A process which 
produces metals from their molten* 
ores by electrolysis. Metals at the top 
of the reactivity series* are obtained 
in this way (see aluminium, page 176 
and sodium, page 168). 


®Faraday’s second law of 
electrolysis. When the same amount 
of electricity is passed through 
different electrolytes, the number of 
moles* of each element deposited at 
the electrodes is inversely proportional 
to the size of the charge on its ion. 


A copper ion must gain 2 —». 
electrons to form an atom. -_ ©) 


Cu’? + 2c = Cu 








If 1 faraday (1 mole” of 
electrons) passes through 
copper (II) sulphate, two 
electrons are needed to 
turn each copper ion into 
an atom. 


Hence | faraday causes !2 
mole of copper ions to be 
produced from atoms and 
deposited on the cathode. 


fi 
ge 
Hii 


ne 1 F produces 3 
Other a mole* aluminium 
examples: °C atoms from its 


ions (Al’*). 





eFaraday (F). A unit of electric charge 
equal to 96,500 coulombs . It consists 
of the flow of one mole* of electrons 
and therefore liberates one mole of 
atoms from singly-charged ions. 


eElectroplating. The coating of a metal 
object with a thin layer of another 
metal by electrolysis. The object forms 
the cathode, on to which metal ions in 
the electrolyte are deposited. 


Zinc plating 
stops 
corrosion* 
(see 
sacrificial 
protection, 
page 159). 











plating 





Aluminium oxide 
protects aluminium 
from corrosion”. 
Dyes can be added 
during anodizing 
to colour surfaces. 


eAnodizing. The coating of a metal 
object with a thin layer of its oxide. 
Hydroxide ions are oxidized* at the 
metal anode in the electrolysis of 
dilute sulphuric acid, forming water 
and oxygen, which oxidizes the metal. 


“ Ampere, 60; Corrosion, 209; Mole, 139; Molten, 120; Oxidation, 148; Reactivity series, 158; SI units, 96. 
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@Displacement. A reaction in which 





Reactivity 


The reactivity of an element depends on its ability to gain or lose the 
electrons which are used for bonding (see pages 130-134). The more 
reactive an element, the more easily it will combine with others. Some 
elements are very reactive, others very unreactive. This difference can 
be used to produce electricity and protect metals from corrosion”. 


®Reactivity series or activity series. 
A list of elements (usually metals), 
placed in order of their reactivity. The 
series is constructed by comparing the 
reactions of the metals with other 
substances, e.g. acids and oxygen (for 
a summary of reactions, see page 211). 













Increasing reactivity 
Increasing power as a 
reducing agent* 
Increasing power to lose 
electrons to form ions 
Increasing power of 
displacement 


CuSO,(aq) + Zn(s) > ZnSO,(aq) + Cu(s) 










one element replaces another ina 
compound. An element will only 
displace another lower than itself in 
the reactivity series. 








Zinc displaces copper from copper(II) sulphate ca 
solution. 





eElectrode potential (E). The potential 
difference in a half cell. It is 


®Half cell. An element in contact with 
water or an aqueous solution* of one 


@Electrochemical series. A list of the 


elements in order of their electrode 
potentials. The element with the most 
negative electrode potential is-placed 
at the top. The position of an element 
in the series shows how readily it 
forms ions in aqueous solution*, and 
is thus an indication of how reactive it 
is likely to be. 


Metal 


Lithium 
Potassium 
Calcium 
Sodium 
Magnesium 


Aluminium 
Zinc 

Iron 

Tin 

Lead 
Hydrogen 
Copper 
Iodine 
Silver 
Mercury 
Bromine 
Chlorine 













© Potential difference or voltage. A 
difference in electric charge between 
two points, measured in volts (V) by an 
instrument called a voltmeter, If two 
points with a potential difference are 
joined, an electric current, 
proportional to the potential 
difference, flows between them. 










eCurrent. A flow of electrons 
(negatively-charged particles) through 
a material. The SI unit* of current is 
the ampere* (A), and current is 
measured using an ammeter. A current 
will flow in a loop, or circuit, between 
two points if there is a potential 


difference between them. 


Potential 
difference is 
measured using & 




































Current voltmeter. 
flows if two 
points with Electrons 
a potential flow in a 
difference wire from 
negative to 
Negative Positive positive, 


charge charge 

















gsc nee The size of 
which a current is 
conducts measured 
electricity. USING an 






ammeter, 








of its compounds. Atoms on the 
surface form cations*, which are 
released into the solution, leaving 
electrons behind. The solution 

has a positive charge and the metala 





impossible to measure directly, so is 
measured relative to that of 

another half cell, normally a hydrogen 
electrode (see diagram). Electrode 
potentials show the ability to ionize* in 








®Cell or electrochemical cell. An 


®Electromotive force (e.m.f.). The name 
given to the potential difference 
between the two terminals of a cell 


arrangement of two half cells of 
different elements. The half cell with 














aqueous solution* and are used to 
construct the electrochemical series. 


negative charge, so there isa 
potential difference between them. 









: Measuring the electrode Voltmeter measures potential Hydrogen 
Electrode’ of potential of a metal. W difference between two half electrode. Half 
the metal cells (electrode potential). cell used as 

Electrons left reference when 
> behind on metal measuring 
electrode 

potentials. 


Hydrogen at 


a 10125 pascals* 
' enters here. 


Metal Platinum 


~ Lae” half cell wire 


aa) 
on 
et 
© ! 


Platinum 


platinum on which 

bubbles of gas 

{ form. Acts as an 
electrode* of the 

' gas. 






' Salt bridge. Paper soaked 
! in potassium nitrate 
solution, used to complete 
circult between two half 
| ! cells, Prevents two 
| solutions from mixing, but 
ie lets ions pass along it. 















Metal ions 
in solution 












IM solution of 


1M™* solution of oe 
=. ft sOhydrochioric acid. 


salt of the metal 





* Aqueous solution, 144; Cation, 130; Corrosion, 209; Electrode, 156; Ionization, 130; M-value, 139 (Molarity); Pascal, 97; Reducing 
agent, 148. 





















electrode. Piece of 












the most negative electrode potential 
forms the negative terminal and the 
other forms the positive terminal. 
When these are connected, a current 
flows between them. There are two 
types of cell — primary cells, which 
cannot be recharged, and secondary 
cells, which can be reacharged. A 
battery is a number of linked cells. 







Daniell cell (primary cell) E.m.f. = difference 
Vv - between the electrode 
potentials of zinc and 
IM®* zinc copper = 1.1 V. 
sulphate we 


Copper 
foil 


solution 


i, s A car batt ry 
~y- IM consists of 6 


Porous pot (allows 
liquid to flow through). solution accumulators* 


* Ampere, 60; Aqueous solution, 144; Lead-acid accumulator, 69; M-value, 139 (Molarity); Rusting, 209 (Corrosion); $I unite, 06 





copper(II) secondary cells to oxygen, the 
sulphate called lead-acid aluminium 


(i.e. the difference between the 
electrode potentials of the two half 
cells). 


Sacrificial protection. Also known as 


cathodic protection or electrical 
protection. A method of preventing 
iron from rusting* by attaching a metal 
higher in the electrochemical series 
to it, which rusts instead. 


Iron pipes are protected by attaching scrap aluminium 
to them. 





If the iron Aluminium loses Galvanizing 
loseselectrons _ electrons more is a type of 
easily (higher in the sacrificial 
electrochemical protection 
supplies more. series). See page 00 
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@Rate of reaction. A measurement of 


4 NSSERERERS==s many reacting particles have this 
bill ieee | 








Rates of reaction 


The time it takes for a chemical reaction to finish varies from less than a 
millionth of a second to weeks or even years. It is possible to predict how 
long a particular reaction will take and how to speed it up or slow it down 
by altering the conditions under which it takes place. The efficiency of 
many industrial processes is improved by increasing the rate of 
reaction, e.g. by using high temperature and pressure, or a catalyst. 


Photochemical reaction. A reaction 
whose speed is affected by the 
intensity of light, e.g. photosynthesis’. 
Light gives reacting particles more 
energy and so increases the rate of 
reaction. 


the speed of a reaction. It is calculated 
by measuring how quickly reactants 
are used up or products are formed. 
The experimental method used to 
measure the rate of reaction depends 
on the physical states* of the 





reactants and products, and the data : ee 
from such an experiment is plotted on occur in 


et \e. J photography. 


aAgCl(s) > 2Ag(s) + Cl,(g) 


Silver crystals form where light falls on the film, 
recording the picture. 


a rate curve. The speed of a reaction 
varies as it proceeds. The rate at any 
time during the reaction is the 
instantaneous rate. The instantaneous 
rate at the start of the reaction is the 
initial rate. The average rate is 
calculated by dividing the total change 
in the amount of products or reactants 
by the time for the reaction to finish. 








eActivation energy (E). The minimum 
energy that the particles of reactants 
must have for them to react when they 
collide (see collision theory). The 
rate of reaction depends on how 


minimum energy. In many reactions, 





particles to reach the ee produces heat, 
giving particles in match 


activation energy. 


a the particles already have this —_ 
ee and react straight 

Pe away. In others, 

| | energy has to be 

| supplied for the 

» | 


activation energy. 









a ; Hydrogen molecule “a 
eCollision theory. Explains why : ae molociles 
, we e ; ormead alter 
altering the conditions under whicha = “Morine Yee 


reaction takes place affects its rate. 
For a reaction to take place between 
two particles, they must collide, so if 
more collisions occur, the rate of 
reaction increases. However, only 
some collisions cause a reaction, since 
not all particles have enough energy to 
react (see activation energy). 









Molecules a 
not collide with 
enough energy 
to react. They P 
do not have the — _ 
activation Se 

energy. ie 






Molecules 
collide with 
enough energy 


«@— to react. They 
have the 
activation 
energy. 


* Concentration, 139; Physical states, 120; Photosynthesis, 209. 





Changing rates of reaction 


The rate of reaction will increase if 
the temperature is increased. The heat 
energy gives more particles an energy 
greater than the activation er 


Particles collide 
with greater 
energy, SO more 


react. 


For reactions involving gases, the rate 
of reaction will increase if the 
pressure is increased. An increase in 
the pressure of a gas increases the 
temperature and decreases the 
volume (i.e. increases the 
concentration* — see also gas laws, 
page 142). The particles collide 

more often and with greater energy. 


@Catalyst. A substance that increases 
the rate of a chemical reaction, but is 


chemically unchanged itself at the end 


of the reaction. This process is known 
as catalysis. Catalysts work by 
lowering the activation energy of a 
reaction. The catalyst used ina 
reaction is written over the arrow in 
the equation (see page 182). A catalyst 


which increases the rate of one reaction 


may have no effect on another. 


Catalysts provide an 
alternative chemical 

route for a reaction to 
take. 








Without a 
Catalyst. 
Activation 
energy high 





Catalyst 


x 


A+C— AC 









A+B— AB 


AC+B— AB+C 


eAutocatalysis. A process in which 
one of the products of a reaction acts 
as a catalyst for the reaction. 


* Concentration, 139; Physical states, 120. 














The rate of reaction will increase if 
the concentration* of one or more of 
the reactants is increased. 


More molecules in the same 
space means more collisions. 





High concentration* 


Low concentration* 


The rate of reaction 
will increase if the 
surface area ofa solid | 
reactant is increased. 
Reactions in which 
one reactant is a solid 
can only take place at 
the surface of the 
solid. 





area after breaking up. 





eSurface catalyst. A catalyst which 
attracts the reactants to itself. It holds 
them close to each other on its surface, 
so they react easily. 


®Promoter. A 
substance which 


of a catalyst, 
so speeding up 
the reaction. 





@Inhibitor. A 


substance that 
slows a reaction. 
Some work by 
reducing the power 
of a catalyst. E 









fe 


| Enzyme. A catalyst found in living 


things which increases the rate of 
reaction in a natural chemical process. 
For more about enzymes, see page 331. 


®Homogenous catalyst. A catalyst in 
the same physical state* as the reactants. 


e Heterogenous catalyst. A catalyst ina 
different physical state* to the reactants. 
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Reversible reactions 


Many chemical reactions continue until one or all of the reactants are 
used up, and their products do not react together. This is known as 
completion. Other reactions, however, never reach this stage. They are 


called reversible reactions. 


Reversible reaction. A chemical 
reaction in which the products react 
together to reform the original 
reactants. These react again to form 
the products and so on. The two 
reactions are simultaneous, and the 
process will not come to completion 
(see introduction) if it takes place ina 
closed system. At some stage during 
a reversible reaction, chemical 
equilibrium is reached. 










Ammonium 
chloride re- 
sublimes. 


The thermal dissociation of 
ammonium chloride isa reversible 
reaction. 


Ammonium chloride 
sublimes* and 
splits to form 
hydrogen 
chloride gas 


and ammonia 
Gases cool and 


as — the 
shes recombine to form 
reaction ammonium chloride 
vapour — the backward 
Solid reaction. 
ammonium Heat 


chloride 


NH,Cl(s) —. NH,(g) + HCI) 


This sign means 
reversible 







@Forward reaction. ‘I'he reaction in 
which products are formed from the 
original reactants in a reversible 
reaction. It goes from left to nght in 
the equation. 


eBackward reaction or reverse 
reaction. The reaction in which the 
original reactants are reformed from 
their products in a reversible 
reaction. It goes from right to left in 
the equation. 


* Sublimation, 121; System, 345. 


®Dissociation. A type of reversible 
reaction in which a compound is 
divided into other compounds or 
elements. Thermal dissociation is 
dissociation caused by heating (the 
products formed recombine when 
cooled). Dissociation should not be - 
confused with decomposition, in which 
a compound is irreversibly split up. 


Nitrogen dioxide undergoes thermal dissociation into 
nitrogen monoxide and oxygen. 
















Brown rm Increase temperature — Nitrogen 

nitrogen } colour fades. ~ ee 

dioxide OU Host Lo oar 
K are 

TN colourless 


pes Co) 


Decrease temperature 
— gases recornbine. 





®Closed system. A system”* in which 
no chemicals can escape or enter. Ifa 
product of a reversible reaction 
escapes, for example into the 
atmosphere, the reaction can no 
longer move back the other way. A 
system from which chemicals can 
escape is an open system. 


® Equilibrium. The cancelling out of two 
equal but opposite movements. 
Chemical equilibrium is an example 
of this — it occurs when the forward 
and backward reactions are taking 


place, but are cancelling each other out. [| 


A person walking up an escalator at the same speed as 
the escalator is moving down is in equilibrium. 
7 


7 4 
me 


















Fast forward reaction 


Start of 


Slow backwarsd reaction 


@Chemical equilibrium. A stage 
reached in a reversible reaction 
in a closed system when the 
forward and backward reactions 
take place at the same rate. Their 
effects cancel each other out, and the 
concentrations* of the reactants and 
products no longer change. 
Chemical equilibrium is a form of 
equilibrium. 





Higher concentration* of reactants than products 


At chemical equilibrium 


 — 


Products and reactants formed at same rate. 













The position of cher 


Any change of conditio 
(temperature, concentratio 

_ pressure) during a revers 

_ reaction alters the rate of either tl 
forward or backward reaction, 2} 

destroying the chemical baaihsfans : 

This is eventually restored, but with a 

: different proportion of reactants and 

products. The equilibrium position 

a 5 said to have changed. 


On = Es 


Reactants Products 









Reno sud the E 







: t equilibrium a 
oncen 















Alter conditions to favour mp / 
_ forward reaction — 
librium position E> 


More en formed. 





LD ee to move right. 






Temperature rises — rate 
of endothermic” 

backward reaction _ 
increases to absorb h 
Less ammonia form 
position moves left. 








Alter conditions to favour Temperat ature falls - rate 
_ backward reaction - : 
equilibrium position 
is said to move left. 












More reactants ee 








eLe Chatelier’s principle. A law 
stating that if changes are made toa 
system’ in equilibrium, the system 
- adjusts itself to reduce the effects of 
_ the change. 

























_ Changing the pressure in reversible 
_ reactions involving gases may alter 
_ the equilibrium position. 

: In the reaction A(g) + B(g) = AB(g): 























Molecule of A 
Molecule of B 
Molecule of AB 



















Lower pressure — - position - 
moves left - more A and 
formed — i.e. number > 
of molecules increases to 

raise pressure again. _ 


ise pressure ~ position 
moves right - more AB 
_ formed — i.e. number of 
- molecules decreases to 
_ lower pressure again. 





- Concentration, 139; Endothermic reaction, Exothermic reaction, 147; Haber process, 180; System, 345. 



























The periodic table eGroup. A vertical column of elements 


in the periodic table. All groups are 
numbered (except for transition 


During the 19th century, many chemists tried to arrange the elements in metal* groups) using roman numerals 


an order which related to the size of their atoms and also showed regular i see ee naac Elemente in hd 
repeating patterns in their behaviour or properties. The most successful same group have the ee a 
attempt was published by the Russian, Dimitri Mendeleev, in 1869, and of electrons in their outer shell*, and 
still forms the basis of the modern periodic table. so have similar chemical properties. 





ePeriodic table. Anarrangementofthe DPeyiodic table 
elements in order of their atomic 
numbers’. Both the physical 
properties and chemical properties of 
an element and its compounds are Chemical 
related to the position of the element in ——. 
the periodic table. This relationship [Peed 
has led to the table being divided into 
groups and periods. The arrangement 
of elements starts on the left of period 1 
with hydrogen and moves in order of 
increasing atomic number from left to 
right across each period in turn (see 
picture on the right). ee ee eee ee 


Colour-coding used in table. 


Atomic A Metals [A Metalloids 4 Non-metals 
number” 


Approx. 
relative 
atomic mass* 


@Period. A horizontal row of elements in 
the periodic table. There are seven 
periods in all. Period 1 has only two 
elements — hydrogen and helium. 
Periods 2 and 3 each contain eight 
elements and are called the short 
periods. Periods 4, 5,6 and 7 each 
contain between 18 and 32 elements. 
They are called the long periods. 
Moving from left to right across a 
period, the atomic number” increases 
by one from one element to the next. Each successive element has one more 
electron in the outer shell* of its atoms. All elements in the same period have Metals and non-metals 
the same number of shells, and the regular change in the number of electrons 
from one element to the next leads to a fairly regular pattern of change in the 
chemical properties of the elements across a period. For an example of sucha 
gradual change in property, see below. 





eMVetal. An element with 
characteristic physical properties 
that distinguish it from a non-metal. 
Elements on the left of a period 


Electron configuration’ of elements across Period 2 h 4a , Minas 
All elements have the same outer shell’, but each successive element, going from left to right, has one more r ave metallic properties. Moving to 
electron added to that shell, the right, the elements gradually 


become less metallic. Elements that 
are not distinctly metal nor non- 
metal, but have a mixture of 


properties, are called metalloids. 
Strong reducing agents* ——g Weak reducing agents ———®_ Strong oxidizing agents* Elements to the right of metalloids 





This shows a regular pattern of change across Period 2 in the ability of elements to reduce” or oxidize* other ’ are non-metals. 
elements and compounds (see also page 166). Neon is the exception - it is unreactive. 





164 * Atomic number, 127; Chemical symbol, 122; Electron configuration, Outer shell, 127; Oxidation, Oxidizing agent, Reducing * Conductivity, 62; Ductility, 344 (Ductile); Malleability, 345 (Malleable); Outer shell, 127; Physical states, 120; Transition metals, 
agent, Reduction, 148; Relative atomic mass, 138. 172. 
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Inorganic chemistry 


Inorganic chemistry is the study of all the elements and their 


| compounds except those compounds made of chains of carbon atoms 

| (see organic chemistry, pages 190-205). The properties and reactions of 
inorganic elements and compounds follow certain patterns, or trends, in 
| the periodic table*. By looking up and down groups* and across 

| periods” of the table, it is possible to predict the reactions of elements. 


Major periodic table trends 
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The following steps show how to 
predict the reactivity* of caesium 
with cold water. Caesium is in Group I 
(see pages 168-169). 


Predicting reactions 
Throughout the inorganic section of 
this book, each group* of elements 
has an introduction and chart which 
summarizes some of the properties of 
the group's elements. Below the charts 
are blue boxes which highlight trends 
going down the group. After the 
introduction more common group 
members are defined. Information on 
the other members of the group can 
often be worked out from trends in 
reactivity* going down the group. 


* Amphoteric, 151; Anion, 130; Basic, 15] (Base); Cation, 130; Group, 165; Outer shell, 127; Oxides, 183; Oxidizing agent, 148; Period, 
164; Periodic table, 164; Reactivity, 158; Reducing agent, 148. 
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Deuterium (D or * 


eHydrogen peroxide (H,O,).Asyrupy _ emitting beta 








Hydrogen 


Hydrogen (H,), with an atomic number’ of one, is the first and lightest 
element in the periodic table, and the commonest in the universe. It is a 
diatomic”, odourless, inflammable gas which only occurs naturally 

on Earth in compounds. It is made by the reaction of natural gas and 
steam at high temperatures, or the reaction of water gas* and steam over 
a catalyst”. It is a reducing agent*, burns in air with a light blue flame 
and, when heated, reacts with many substances, e.g. with sodium to form 
sodium hydride (all compounds of hydrogen and one other element are 
hydrides). Hydrogen is used, for example, to make margarines (see 
hydrogenation, page 193) and ammonia (see Haber process, page 

180), and as a rocket fuel. See also pages 217 and 219. 


Hydrogen atom 





© Water (H,0). An oxide of hydrogen and one 
of the commonest compounds on Earth. It is 
a colourless, odourless liquid which freezes 
at 0°C, boils at 100°C, has its greatest 
density (1 g cm™°) at 4°C and is the best 






Electron 
Hydrogen 
molecule ‘ 







Proton* 

















Consists of two ) 
sees solvent known. It is made of polar 
en d 
ve feeelanmgrs molecules* linked 
bes i _ (H*). “ae = only one by hydrogen bonds*- 
proton* (no electron). Forme . 
when a hydrogen atom loses and is formed when 
its ks oageteh nec ions hydrogen burns in - — 
combine with water 
sciniiiceanhien Seta oxygen. See also Ice (frozen water) floats on 





liquid water as it is less 
pages 206 and 218. dense (see also page 206). 






hydroxonium ions*. Excess 
hydroxonium ions make a 
solutio idi 













@Hydroxide. A compound made of a 

hydroxide ion (OH ) anda cation”. 

Solutions containing more OH ions 

than H* ions are alkaline. Many 

hydroxides are not water-soluble, e.g. 

lead(II) hydroxide (Pb(OH),.). However, | 
7 me the hydroxides of Group I elements 

H). An isotope’ of and some others are water-soluble. 


hydrogen with one proton* and one Tritium (T or 2H). An Person drinking 
neutron*. It makes up 0.0156% of isotope* of hydrogen ee aa ON 
natural hydrogen. Water molecules with one proton* and molecule | 
containing deuterium are called two neutrons”. It is 

deuterium oxide (D,O) or heavy rare in hydrogen 
water molecules. Heavy waterisused  pyt js produced by 
in nuclear reactors to slow the fast nuclear reactors. 


moving neutrons. It is radioactive, 


eT 








Tritiated water 

contains some water 
molecules in which a 
hydrogen atom has been 


liquid. It isan oxide of hydrogenanda particles (see cones by ee 
wee 8 ‘ : atom. It is used by 
strong oxidizing agent”. It is sold in pages 128-129) doctors to help find out 
solution as disinfectant and bleach. how much fluid a patient 
passes. 


* Atomic number, 127; Catalyst, 161; Cation, 130; Covalent bond, 132; Diatomic, 124: Hydrogen bond, 134; Hydroxonium ion, 150; 
Isotope, 127; Neutron, 126; Oxidizing agent, 148; Polar molecule, 133; Proton, 126; Reducing agent, 148; Water gas, 179 (Carbon 
monoxide). 








Group I, the alkali metals 


The elements in Group I of the periodic table are called alkali metals as 
they are all metals which react with water to form alkaline solutions. They 
all have similar chemical properties and their physical properties follow 
certain patterns. The chart below shows some of their properties. 


eLithium (Li). The least reactive 
element in Group I of the periodic 
table and the lightest solid element. 
Lithium is rare and is only found ina 
few compounds, from which it is 


These two pages contain more information on lithium, sodium, 


potassium and their compounds. They are typical Group I elements. 





After the reaction, the solution is strongly alkaline, due 
to the lithium hydroxide formed. 





~ ~ 
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eSodium hydroxide (NaOH) or caustic 
soda. A white, deliquescent”* solid, 
produced by electrolysis* of brine. A 
strong base”, it reacts with acids to 
form a sodium salt* and water. It is 
used to make soaps and paper. 


®Sodium carbonate (Na,CQ;). A white 
solid that dissolves in water to form an 
alkaline solution. Its hydrate”, called 
washing soda (Na,CO;3.10H,O — see 
also page 207), has white, efflorescent* 
crystals and is made when ammonia, 
water and sodium chloride react with 
carbon dioxide in the Solvay process. 

. ee, 








Washing soda is 
used in the making 
of glass, as a wate 
softener” and in 
bath crystals. 


eSodium hydrogencarbonate 
(NaHCO,). Also called sodium 
bicarbonate or bicarbonate of soda. 
A white solid made by the Solvay 
process (see sodium carbonate). In 
water it forms a weak alkaline solution. 


Sodium 
hydrogencarbonate is 
used in baking. The 
carbon dioxide gas it 
gives off when heated 
makes dough rise. It is 
also used as an 
antacid” to relieve 
indigestion. 


@Potassium (K). A member of Group I 
of the periodic table. Potassium 
compounds are found in sea water and 
rock salt (containing potassium 
chloride — see also sodium). 
Potassium is extracted from molten 
potassium chloride by electrolysis”. It 
is very reactive, reacting violently with 
chlorine and also with water (see 
equation for lithium, and substitute K 
for Li). It has few uses, but some of its 
compounds are important. 

Potassium reacting with water. It whizzes across the 


water giving off so much heat that the hydrogen 
produced bursts into flames. 







Potassium~ “& 
burns with f A very small 
a lilac piece of 
flame potassium was 

¥ put in here, 
Potassium using tweezers. 
metal Venn ——v 

Water Hydrogen bubbles * 
e Potassium hydroxide (KOH) or Oo 

caustic potash. A white, SO 

: on 3%, Seen Os 
deliquescent” solid. It is a strong 3 


base* which reacts with acids 
to form a potassium salt* and _.9€ 
water. It is used to make toilexC. 
soap (see page 202). ’ 
®Potassium carbonate (K,CQ;). A 
white solid which is very water- 
soluble, forming an alkaline solution. It 
is used to make glass, dyes and soap. 








@Potassium chloride (KCl). A white, 
water-soluble solid. Large amounts are 
found in sea water and rock salt (see 
potassium). It is used in fertilizer and 


Lithium reacts vigorously with chlorine 
to form lithium chloride (LiCl) which 
is used in welding flux and air 


the surface, fizzing gently. conditioners. 


extracted by electrolysis*. It burns in 
air with a pinkish flame. A piece of 
lithium placed on water glides across 








eSodium chloride (NaCl) or salt. A 
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eSodium (Na). A member of Group I of 
the periodic table, found in many 
compounds. Its main ore is rock salt 
(containing sodium chloride — see 


Downs’ cell. Used to extract sodium from molten 
sodium chloride by electrolysis”. 


Sodium Chlorine gas 
chloride 









white solid which occurs in sea water 
and rock salt (see sodium). It forms 

brine when dissolved in water and is 
used to make sodium hydroxide and 








to produce potassium hydroxide. 


ePotassium nitrate (KNO;), or 
saltpetre. A white solid which 
dissolves in water to form a neutral* 





solid, forming a neutral* solution in 


Electrolyte* ° : 
also potassium). It is extracted from of ear sodium carbonate. solution. 7 
molten sodium chloride by ehloride iad Potassium nitrate In fertilizers 
electrolysis*, using a Downs’ cell (600°C). sodium Sodium chloride is | ‘used: 

: i ' . used to preserve To preserve 
sodium burns in air with an orange Steel cathode* and flavour food. meats. 
flame and reacts violently with non- pres. os ™\ 2 
, if z %. ne 
metals and water (see equation for (ioiten 7 — * ee 
° ° . ’ ° sodium i ° ° ° ° ‘ 
lithium, and substitute Na for Li). It is etait cylinder eSodium nitrate (NaNQO3) or Chile ePotassium sulphate (K2SO,). A white 
here). a - + 


used in sodium vapour lamps and as a 
coolant in nuclear power stations. 


Graphite anode” (chlorine produced here). 


* Anode, 156 (Electrode); Catalyst, 161; Cathode, 156 (Electrode); Electrolysis, Electrolyte, 156; Electron configuration, 127; Ionic 
compound, 131; Isotope, Outer shell, 127; Photocell, 345; Reducing agent, 148; Relative atomic mass, 138. 


saltpetre. A white solid used as a 
fertilizer and also to preserve meat. 


water. It is an important fertilizer. 


* Antacid, 344; Deliquescent, Efflorescent, 206; Electrolysis, 156; Hydrate, 155; Neutral, 151; Salts, 153; Strong base, 1!2, Water 


softeners, 207. 








Group II, the alkaline-earth metals 


The elements in Group II of the periodic table are called the 
alkaline-earth metals. The physical properties of the members of 
Group II follow certain trends, and, except beryllium, they all have 
similar chemical properties. They are very reactive, though less reactive 
than Group I elements. The chart below shows some of their properties. 


pl elem nts have two electrons i in their outer Cane down the group, elements react 
good reducing agents* be fe more readily with both water and 

+2 and able ica as new outer shell is 

et, age 127). All Group II elements react this way 

c compoun i aa ge ou ama 

have covalent* properties. 


They alltarnish’ in air butbarium 
reacts so violently with both water and 
oxygen that it is stored under oil. 


These two pages contain more information on magnesium, calcium and 
their compounds. These metals are typical Group II elements. 


eMagnesium (Mg). A member of 
Group II of the periodic table. It only 
occurs naturally in compounds, mainly 
in either dolomite (CaCO;.MgCO;-a 
rock made of magnesium and calcium 
carbonate) or in magnesium chloride 
(MgCl,), found in sea water. Magnesium 
is produced by the electrolysis* of 
molten magnesium chloride. It burns in 
air with a bright white flame. 


Magnesium burns vigorously in chlorine (see above), 
reacts slowly with cold water and rapidly with steam 
(see below). 


aMg(s) + O(g) -- 2MgO(s) 


Magnesium Oxygen Magnesium oxide 





Magnesium reacts rapidly with dilute acids 


+ QHCKaq) —» MgCl(aq) + — H,(g) 
Magnesium Hydrogen 


Magnesium is used to make alloys’, e.g. for building 
chloride aircraft. It is also needed for plant photosynthesis* 

(it is found in chlorophyll* — the leaf pigment which 
absorbs light energy). 


Hydrochloric 
acid 





170 * Alloy, 344; Chlorophyll, 255; Covalent compounds, 132; Electrolysis, 156; Electron configuration, 127; lonic compound, 131; 
Isotope, Outer shell, 127; Photosynthesis, 254; Radioactivity, 128; Reducing agent, 148; Relative atomic mass, 138; Tarnish, 345. 


oxygen (see magnesium and calcium). ; 

















Magnesium hydroxide (Mg(OH),). A 
white solid that is only slightly soluble 
in water. It is a base* and therefore 


neutralizes* acids. Magnesium 
hydroxide is 
used in 
antacids* for 
treating 
stomach 
upsets, 
particularly 
indigestion. 


eMagnesium sulphate (MgSO,). A 
white solid used in medicines for 
treating constipation, in leather _ 
processing and in fire-proofing. 





@Calcium (Ca). A member of Group II 
of the periodic table. It occurs 
naturally in many compounds, e.g. 
those found in the Earth’s crust, milk 
and bones. Calcium is extracted from 
its compounds by electrolysis”. It 
burns in oxygen with a red flame and 
reacts readily with cold water and 
very rapidly with dilute acids (for 
equations see magnesium and 
substitute Ca for Mg). Calcium is used 
to make high-grade steel and in the 
production of uranium. 


@Calcium hydroxide (Ca(OH),) or 
slaked lime. A white solid which 
dissolves slightly in water to form 
limewater. This is weakly alkaline and 
is used to test for carbon dioxide (see 
page 219). Calcium hydroxide is used 
in mortars and to remove excess 
acidity in soils. 


eCalcium sulphate. A white solid that 


occurs both as anhydrite calcium 
sulphate (CaSO,) and gypsum 
(CaSO,.2H,O). When heated, gypsum 
forms plaster of Paris. 


Calcium sulphate is used in: 





Plaster casts 


Plaster moulds 


Magnesium oxide 
(MgO). A white solid 
which is slightly water- 
soluble. It is a base’, 
forming magnesium 
salts* when it reacts with 
acids. It hasa very high is added to cocoa 
melting point and is used Powder to stop the 


; particles sticking 
to line some furnaces. together. 








eCalcium oxide (CaO) or quicklime. A 
white solid. It is a base* which is made 
by heating calcium carbonate ina 
lime kiln. 





Calcium oxide, —_,» eA eg 
calcium » fi ; ; 
carbonate and 
calcium 
hydroxide are 
used to remove 
excess soil acidity. 





eCalcium carbonate (CaCO). A white ~ 
insoluble solid that occurs naturally as 
limestone, chalk, marble and calcite. 


It dissolves in dilute acids. 


Limestone rock is corroded 
because rain water 
containing dissolved carbon 
dioxide reacts with the 
limestone to form calcium 
hydrogencarbonate which 
dissolves slightly in water. 









Calcium 
carbonate is 
used to obtain 
calcium oxide, 
make cement 
and as building 
stone. 


Calcium chloride (CaCl,). A white, 
deliquescent”, water-soluble solid 
which is used as a drying agent”. 


Calcium hydrogen- 
carbonate formed 
when limestone 
dissolves in 
water causes 
temporary 
hardness”*. 





* Antacid, 344; Base, 151; Deliquescent, 206; Drying agent, 344; Electrolysis, 156; Neutralization, 15]; Salts, 153; Temporary 171 


hardness, 207. 











Transition metals 


Transition metals have certain properties in common — they are hard, 
tough, shiny, malleable* and ductile*. They conduct* heat and 
electricity, and have high melting points, boiling points and densities. 
Transition metals form complex ions* which are coloured in solution. 
They also have more than one possible charge, e.g. Fe** and Fe**. 


Transition metals have many uses, some of which are shown below. 
There is more information on iron, copper and zinc on pages 174-175. 
The members of the inner transition series (See page 165) are not 
shown below, as they are very rare and often unstable. 










; ’ ‘ : : — ®Technetium. A metal 

@ Vanadium. A rare, hard, white @ Chromium. A hard, white © Chromium platingg@ry which only occurs as an 
metal that is used to increase the metal found as chrome iron is used on car  ‘. — unstable isotope* formed 
strength and hardness of steel ore. Itisusedasacorrosion- _ parts, bicycle % rT’ by uranium fission’. It is 
alloys* such as those used to make resistant coating on steel handlebars arg used in medicine to 
tools. Vanadium pentoxide (V,O;) objects and in stainless steel. and cutlery. ee locate tumours. 
is the catalyst* used in the contact 
process* to make sulphunc acid. 





© Cobalt. A hard, silvery-white, Cobalt produces a blue 
magnetic metal found colour in glass and 
combined with sulphur and ceramics. 

arsenic. It is used in alloys’, 
e.g. with iron to make magnets. 
Its radioisotope” is used to 
treat cancer. Cobalt(II) 
chloride (CoCl,) is used to 

test for water (see page 218). 



























® Zinc. See 
page 175. 


e Manganese. A 
hard, brittle, 
reddish-white 
metal. It is found 


e Iron. See page 174. 





© Titanium. A metal used to make strong, 












































light, corrosion-resistant alloys* with high ; : : j : 
reiting points, e.g. those ace in sivccait as pyrolusite ¢ Rhodium. A hard, e Nickel. A magnetic An alloy* of nickel is 
wings, artificial hips, heart pacemakers, (MnO,) and is silvery-white metal metal that is found as used in coins and 
golf clubs and jewellery. used in many found with platinum. It nickel sulphide (NiS). stainless steel. a Cadmium. A soft, 
alloys*, such as is used as a catalyst”, It is used asa silvery-white metal 
steels and bronzes. in alloys’ and in thin catalyst*, in alloys”, in found with zine and 
films to make high electroplating* and in used to make alloys* 







with low melting points. 
It is used in control 
rods* in nuclear 
reactors and also in 
nickel-cadmium 
rechargeable batteries. 
Cadmium compounds 
are used as yellow, 
orange and red 
pigments in plastics, 


rechargeable batteries. 


[ee 


e Silver. A soft, white 
metal sometimes found 
combined with other 
elements, e.g. sulphur. 
It is used, often in 
alloys’, in jewellery 
and coinage and is also 
















e Yttrium. A metal used in crystals 
for lasers, and added to aluminium 
high-voltage electricity 
transmission lines to increase 
conductivity”. 




















* aints and ceramics. 
e Zirconium. A rare metal used in alloys’, a on to " 
abrasives", flame-proofing compounds and to halid * dag 
absorb neutrons” in nuclear reactors. mail ni =e 






photography. 































@ Lanthanum. Similar in properties 
to aluminium, this is one of a group 
of rare metallic elements 














® Gold. A soft, shiny, 
yellow metal. It is very 
unreactive and usually 








e Mercury or 







































(lanthanides) with atomic | ee 
numbers* 57-71. Camera lenses quicksilver. A 
contain lanthanum oxide (La,O;). ' poisonous, silvery- found uncombined. ~ 
white, liquid metal South Africa and Russia 
| a a cs cs rm mainly ‘found as have the pees 
se : e adium. A silvery-white met ; important go 
¢ Hafnium. A metal used in control rods” in . el - es igiaevan soemiemaregs ie . os re used in alloys*, telephone relays poe ee deposits. Gold only 
nuclear reactors to absorb neutrons“, and in aaeal Small allovs*.e sot cada Itis aie dis athe <* and high-grade surgical sieubiinmuetede: reacts with very 
alloys” to make cutting tools. quantities of it Tt is nS ae all ere oid an a sansa” instruments. Catalysts* made of barometers, _ vigorous oxidizing 
are used in bearings and lamp palladium and platinum reduce lamps and also in agents* (suchas _ 
some stainless filaments. the carbon monoxide and amalgams’ used chlorine) and certain 
hydrocarbons” in car exhaust. by dentists. acids, e.g. aqua regia". 








e Tantalum. A rare, pale grey metal, used in steel to make it if i 
electric lamp filaments and alloys" resistant to My 


corrosion at 
Tantalum is also used high 


in surgery to replace temperatures 


It is often used in 
alloys* with silver or 
copper to give it more 
strength. These alloys 
are used in jewellery, 


e Osmium. A hard, 
white, crystalline 
metal — the densest 
element known. It is 
found with platinum 










































@ Iridium. A rare, hard, 
unreactive metal that looks 
like platinum and is found 


e Platinum. A hard, silvery- 
white metal used as a 
catalyst* and to make 






© Rhenium. A hard, 
heavy, grey metal 

















parts of the body, e.g. . * F 

in skull plates and wire dara me: —— a Oty aaa and used in alloys* with it. It is used in electrical contacts, coins and dentistry. 

connecting the ends of engines and “= + a a a i a with platinum and medicine in radioactive* jewellery, and various pin, Pure gold (24 carat 

nerves. vagibai used to make low lea iridium, e.g. in implants to control tumours plate and hinge devices for gold) is also used in 
and lead-free electrical contacts. and (with platinum) in securing human bones. It is jewellery. 









+ * 7 1 . ° 
ee Bsa . ae Osmium tetroxide heart pacemakers. It is also used (with iridium) in 
ee ae. (OsO,) is used in the also found in an wires that are used as 
¢ Tungsten. A hard, grey metal that is resistant to alloy* of rhenium and treatment of alloy* used for electrodes* in heart 
corrosion. It is used in alloys* to make tools tungsten is used in inflammatory fountain pen pacemakers 
and lamp filaments. flash bulbs. arthritis. nib-tips 
172 = * Abrasive, Alloy, 344; Atomic number, 127; Catalyst, 161; Complex ion, 154 (Complex salt); Conductivity, 62; Contact process, 185; * Alloy, Amalgam, 344; Aqua regia, 182 (Nitric acid); Catalyst, 161; Control rods, 94; Electrode, 156; Electroplating, 157; Halides, 173 
187; Hydrocarbons, 191; Isotope, 127; Neutron, 126; Nuclear fission, 129; Oxidizing agent, 148; Radioactivity, Radioisotope, 1/1!) 


Control rods, 94; Ductile, 344; Gasoline, 199; Malleable, 345; Neutron, 126; Octane rating, 199. 








Iron, copper and zinc 


elron (Fe). A transition metal” in 
Period 4 of the periodic table. It isa 
fairly soft, white, magnetic metal which 
only occurs naturally in compounds. 
One of its main ores is haematite 
(Fe,O3), or iron(III) oxide, from which 
it is extracted in a blast furnace. Iron 
reacts to form both ionic and covalent 
compounds” and reacts with moist air 
to form rust. It burns in air when cut 
very finely into iron filings and also 
reacts with dilute acids. It is above 
hydrogen in the electrochemical 
series”. 
Extracting iron using a 
blast furnace. 


Raw materials fed in here 
are iron ore (Fe,03), coke 
(C) and limestone 
(CaCO3). 


Reactions in the furnace 


Heated limestone forms 
calcium oxide and gives 
off carbon dioxide. 
Oxygen from hot air reacts 
with coke and also forms 
carbon dioxide. 


Carbon dioxide reacts 
with coke to form 

















Skip 


Gas outlet carbon monoxide. 
Heat-resistant (0,+ C 200 
brick nag Iron ore is reduced” 
Blast furnace to iron by carbon 
monoxide. 


Melting zone 


Blast of hot air 


Slag removed 
(impurities plus 


Molten iron <@ calcium oxide). 


tapped off here. 


Iron made in the blast furnace is called 
pig iron. It contains about 5% carbon 
and 4% other impurities, such as 
sulphur. Most pig iron is converted to 
steel, although some is converted to 
wrought iron (by oxidizing“ 


Fes(),+ 300 =) e+ 500, é 


eSteel. An alloy* of iron and carbon 


which usually contains below 1.5% 
carbon. The carbon gives the alloy 
strength and hardness but reduces 
malleability* and ductility”. 
Measured amounts of one or more 
transition metals* are often added to 
steel to give it specific properties, 
such as corrosion-resistance in the 
case of stainless steel (which contains 
11-14% chromium). Steel is often made 
by the basic oxygen process. Scrap 
steel, molten iron and lime are put into 
a furnace, and oxygen is blasted on to 
the metal to oxidize* impurities. 

Steel is used to make many objects, e.g: 





~ Fidaee Cookers Cars 


elron(II) or ferrous compounds. Iron 


compounds containing Fe** ions, e.g. 
iron(II) chloride (FeCl,). Their 
solutions are green. 

Iron(III) or ferric compounds. Iron 
compounds containing Fe** ions, e.g. 
iron(III) chloride (FeCl;). Their 
solutions are yellow or orange. 


Rust (Fe,0,.xH,O) or Iron and steel can be 














impurities) and some is melted down 
again along with scrap steel to make 


cast Lron. Wrought iron is used to make 


crane hooks and anchor chains. 


Cast iron 
is used 
to make 
— drain 
. covers. 











t 
t 


Iron is a vital mineral in the human 
diet, as it is needed for respiration. 






hydrated iron(III) oxide. 
A brown solid formed 
when iron, water and air 
react together (see 
corrosion, page 209). 
The “x” in the formula 
shows that the number of 
water molecules varies. 

Iron objects are givena 
protective coating to 
prevent rust, e.g. cars are 
painted and grease is put 
on engine parts. If a car 
rusts, phosphoric acid* 
can be put on to stop the 
rust spreading. 


protected from rust by 
galvanizing — coating 
with a layer of zinc (see 
also sacrificial 
protection, page 159). 
The surface zinc 
oxidizes” in air, stopping 
the zinc and iron below 
being oxidized. 

Even when the zinc 
coating is scratched, 
exposing iron, it is zinc 
that reacts with oxygen 
and water. Galvanized 
cars remain must-free 
longer than others. 





Copper (Cu). A transition metal* in Period 4 
of the periodic table. It is a red-brown, soft but 
tough metal found naturally in certain rocks. Its 
compounds are found in several ores, e.g. 
copper pyrites ((CuFe)S,) and malachite 
(CuCO,;.Cu(OH),). Copper is extracted from 
the former by crushing and removing sand and 
then roasting in a limited supply of air and with 
silica. The iron combines with silica and forms 
slag. The sulphur is removed by burning to 
form sulphur dioxide. The copper produced is 
purified further by electro-refining™. It is an 
unreactive metal and only tarnishes very 
slowly in air to form a thin, green surface film of 
basic copper sulphate (CuSO,.3Cu(OH),). 
Copper is below hydrogen in the 
electrochemical series”. It does not react with 
water, dilute acids or alkalis. However, it does 

react with concentrated nitric or concentrated 

sulphuric acid. See also page 219. 

gpeeiias sulphate (CuSO,) 

Me~ has many uses, e.g. 

in dyeing and 

electroplating”. It 
is also used in 

Bordeaux mixture, 


which kills moulds 
growing on fruit 










and vegetables. 

(See also test for Co 1 f 
pper(II) chloride 

water, page 218) (CuCl,) is used in 


fireworks to give a 
green colour. It is also 
used to remove sulphur 
from petroleum”. 


ED 

dA €a Copper(I) oxide (Cu,0) 

—( ~w. is used to make glass 
and paint. 


eZinc (Zn). An element in Period 4 of the periodic 


table. It is a silvery, soft metal which tarnishes in air. 
It is too reactive to occur naturally, and its main ores 


are zinc blende (ZnS), calamine (ZnCO3) and 


zincite (ZnO). The zinc is extracted by roasting the 
ore to form zinc oxide (ZnO) and then reducing” it 


by heating it with coke. Zinc is above hydrogen in 


the electrochemical series’. It reacts with oxygen, 
with steam when red-hot, and with acids. It is used to 


coat iron and steel to prevent rust (galvanizing — 


see also page 174 and sacrificial protection, page 


159). It is also used in alloys’, particularly brass 
(copper and zinc). 























Copper is a very good conductor of 
electricity (although silver is better), a 
so it is used to make wires for A 

electric circuits. - 


Ie ml! 









It is used in alloya* 
such as brass (copper! 
plus zinc) and bronze 
(copper plus tin) to 
make “copper” coins, 
and in an alloy with 
nickel to make 
“silver” coins, 


Because it is soft but tough, 
it is used to make pipes for 
plumbing and central- 
heating systems. 


An alloy* of copper and 
gold is used to make 
jewellery. The greater the 
amount of copper, the less 
the number of carats the 
gold will be, i.e. less than 24 
carats (pure gold), . a 


eCopper(I) or cuprous compounds, 
Compounds containing Cu' ions, 
e.g. copper(I) oxide (see left) and 
copper(I) chloride (CuCl), 
Copper(l) compounds do not 
dissolve in water, 

eCopper(II) or cupric compounds, 
Compounds that contain Cu’ ' 
ions, e.g. copper(II) sulphate and 
copper(II) chloride (see left). 
Copper(II) compounds dissolve in 
water to form light blue solutions, 
and are much more common than 
copper(I) compounds. 










Zinc oxide is used in a cream as a 
protection against skin irritation, 
e.g. nappy rash. 


Zinc is used in batteries. \ 


174 * Alloy, 344; Covalent compounds, 132; Ductility, 344 (Ductile); Electrochemical series, 159; Ionic compound, 131; Malleability, * Alloy, 344; Electrochemical series, 159; Electroplating, Electro-refining, 157; Petroleum, 198; Reduction, 148; Transition metals, 
345 (Malleable); Oxidation, 148; Phosphoric acid, 182 (Phosphorus pentoxide); Reduction, 148; Transition metals, 172. 172. 













Group III elements 


The elements in Group III of the periodic table are generally not as 
reactive as the elements in Groups I and II. Unlike those elements they 
show no overall trend in reactivity and the first member of the group is a 
non-metal. The chart below shows some of their properties. 


















Some properties of Group III elements 


Name of Chemical Electron ae 

semen contiguraon’ | Reactivity] Appearance | Uses 
Brown powder or | In control rods’, glass 
yellow crystals and to harden steel 
Silver-white metal] In semiconductors* 
Soft silver-white In control rods* and 
metal transparent electrodes 
Soft silver-white 

Boron oxide (B,O,) is “ 

added to glass to make ~®€ 


special glassware which 
canbe heatedorcooled 4 
















Relative 
atomic mass* 









Complex 
configuration 
but still 3 

outer electrons 











Uetz O24 i 









More information on aluminium and its compounds can be found below. 
Aluminium is the most widely used member of this group. 








Aluminium (Al). A memberofGroup e¢Aluminium oxide (Al,O;) or alumina. 
III of the periodic table. It is the An amphoteric’, white solid that is 
commonest metal found on earth,and almost insoluble in water. It occurs 
occurs naturally in many compounds, naturally as bauxite (Al,03.2H,O — 
e.g. bauxite (see aluminium oxide) see also aluminium) and as 
from which it is extracted by corundum (Al,03) — an extremely 
electrolysis”. It is hard, light, ductile*, hard crystalline solid. It is used in 
malleable* and a good conductor of some cements, and to line furnaces. 
heat and electricity. It reacts with the The extraction of aluminium from — Garhon cathode 
oxygen in air to forma surface layer of awite by electrolysis*. forms a lining. 








aluminium oxide which stops further Carbon anode See] tank 
corrosion. It also reacts with chlorine, Milian _ oe <P 
dilute acids and alkalis. ee Bauxite 


Some uses Of aluminium and its alloys": tapped off 


A Powerlines are aluminium Thin sheets of aluminium here. > ———— cryolite 
: as aluminium conducts are used to wrap food, (Na3AlF,) 
m gs electricity better for e.g. chocolate bars. It 
its weight isalsousedtomake @A]lywminium hydroxide (Al(OH)3). A 


fizzy drink cans. 


than copper, 





white, slightly water-soluble, 
amphoteric* solid, which is used in 
dyeing cloth, to make ceramics and as 
an antacid*. 


Aluminium sulphate (Al,(SO,)3). A 
white, water-soluble, crystalline solid 
used to purify water and make paper. 


a 









Its light weight A ; 
makes it ideal for making many 
things, from aircraft to ladders. 


* Alloy, 344; Amphoteric, 151; Antacid, 344; Control rods, 94; Covalent compounds, 132; Ductile, 344; Electrolysis, 156; Electron 
configuration, 127; Ionic compound, 131; Malleable, 345; Relative atomic mass, 138; Semiconductor, 65. 






rapidly without cracking. x CSF 








Group IV elements 


The elements in Group IV of the periodic table are generally not very 
reactive and the members show increasingly metallic properties going 
down the group. For more about the properties of these elements, see the 
chart below, silicon and lead (this page) and carbon, pages 178-179. 






Some properties of Group IV elements 


Name of Chemical Relative Electron . 


Solid non-metal 
(see page 178) 
Shiny, grey 
metalloid* solid | See below 
Greyish-white 
metalloid* solid 
Soft silver-white 
meta 
Soft silver-grey 
met 





Uses 


See page 178 





Complex In transistors 


configuration 
but still 4 
outer electrons 






Tin plating, e.g. 
ood containers 























: 
= 
USmAHA O24 


See below 


t 






Silicon (Si). A member of Group IV of 
the periodic table. It is a hard, shiny, 
grey metalloid* with a high melting 
point. Silicon is the second most 
common element in the Earth’s crust- e@Silicones. Complex, man-made 
it is found in sand and rocks as silicon compounds contaning very long 
dioxide and silicates. When it is chains of silicon and oxygen atoms. 
ground into a powder it reacts with ieee aici Nie. 
some alkalis and elements, otherwise performance oils and greases 


ei a . and for non-stick surfaces. 
itis generally unreactive. They are also used in waxes, 
polishes and varnishes as they 


are water-repellant. 
























))) 
eat 
CFO AA 
@Lead (Pb). A member of Group IV of 
the periodic table. A soft, malleable* 
metal extracted from galena (lead 
, sulphide). It is not very reactive, 
insoluble, white, crystalline solid. It though it tarnishes in air, reacts slightly 
occurs in many forms, such as flint - with soft water* and slowly with both 
and quartz. It is acidic and reacts with —_ Chlorine and nitric acid. It forms ionic 
concentrated alkalis. compounds’ called lead(II) or 
Silicon dioxide has many uses, I plumbous compounds, e.g. lead(II) 
e.g. inthe making of glass and ——? 5 oxide (Pb O), and covalent 


Silicon is a semiconductor* 
and is used to make silicon 
chips — complete 
microelectronic circuits. 
















Silicon dioxide (SiO). Also called 
silicon(IV) oxide, or silica. An 





















( 








Pr 
a 
/ 


ceramics. 
compounds“ called lead(IV) or 

























Quartz Sand is ae 
welt are plumbic compounds, e.g. lead(IV) 
watches. 53, X-ray machine 





oxide (PbO,). < Fer 


Lead has many 
uses, e.g. in car 


contain a metal and oxygen, e.g. batteries and 
roofing. It is used in 


calcium metasilicate (CaSiO;), and asascsnonect 
make up most of the earth’s crust.They peoplefromthe <— 


‘ harmful effects of 
are used to make glass and ceramics. X-rays. 















inside this 
rubber 
apron 
protects 
the 
radiologist. 











* Covalent compounds, 132; Electron configuration, 127; lonic compound, 131; Malleable, 345; Metalloids, 165 (Metal); Relative 
atomic mass, 138; Semiconductor, 65; Soft water, 207 (Hard water). 





















Carbon 


Carbon (C) is a member of Group IV of the periodic table (see also chart, 
page 176). It is anon-metal and has two allotropes* — diamond and 
graphite — and an amorphous” (unstructured) form — charcoal. Carbon 
is not very reactive. It only reacts with steam when heated, and with hot, 
concentrated” sulphuric or nitric acids (see equation below). 









Carbon will burn in air when heated. W 


If burnt in a hmited supply of air, carbon monoxide forms. 


Carbon is a reducing agent”. It reduces the oxides* of 
any metal below zinc in the reactivity series* of 
metals: 





Carbon is used in industry to reduce metal oxide ores 
to metals (see iron, page 174). 


Carbon atoms can bond with up to.four other atoms, including other 
carbon atoms. As a result, there are a vast number of carbon-based 
compounds (organic compounds — see page 190). Living tissue is made 
of carbon compounds and animals break down these compounds to 
liberate energy (see carbon cycle, page 209). 


The crystal structure of diamond 


Each carbon 
atom is bonded to 

-—. four other carbon 
atoms by 
covalent bonds* 
which are 
arranged to form 
a tetrahedron. 


Diamond 
is harder 
and denser 


than graphite. both have high 


eDiamond. A crystalline, transparent 
form of carbon. It is the hardest 
naturally-occurring substance. All the 
carbon atoms are joined by strong 
covalent bonds* — accounting for its 
hardness and high melting point 
(3750°C). Diamonds are used as record 
player styli, abrasives”, glass cutters, 
jewellery and on drill bits. Synthetic 
diamonds are made by subjecting 
graphite to high pressure and 
temperature, a very costly process. 


Diamond and graphite 


The crystal structure of graphite 
Layer of carbon Eoealent 
bond* 


van der Waals’ 
~ forces” link 
»g the layers. 


There are 
three covalent 
bonds” from 
every carbon 
atom to other 
carbons inthe 


melting points. same layer. 


eGraphite. A grey, crystalline form of 
carbon. The atoms in each layer are 
joined by strong covalent bonds”, but 
the layers are only linked by weak van 
der Waals’ forces* which allow them 
to slide over each other, making 
graphite soft and flaky. Graphite is the 
only non-metal to conduct electricity 
well. It also conducts heat. It is used as 
a lubricant, in electrolysis* (as inert 
electrodes“), as contacts in electric 
motors, and in pencil leads. 





eet ot Abrasive, 344; Allotropes, 136 (Allotropy); Amorphous, 135; Concentrated, 144; Covalent bond, 132; Electrolysis, 156; Giant 


‘atomic lattice, 137; Inert electrode, 156; Oxides, 183; Reactivity series, 158; Reducing agent, 148; van der Waals’ forces, 134. 


a 














®Coal. A hard, black solid formed over 
millions of years from the fossilized 
remains of plant material. It is mainly 
carbon, but contains hydrogen, 
oxygen, nitrogen and sulphur as well. 
Three types of coal exist — lignite, 
anthracite and bituminous coal. Coal 
is used as a fuel in power stations, 
industry and homes. It also used to be 
an important source of chemicals 
(produced by destructive distillation 
of coal — see below) but these are now 
mostly produced from petroleum* 
This picture shows the products of the destructive 


distillation of coal, achieved by heating coal in the 
absence of air. 







Coal gas 


Destructive Ammonia 


distillation 
> Benzene 
[>> Sulphur 
i> Coke 
Coal tar 


eCarbon fibres. Black silky threads of 
pure carbon made from organic textile 
fibres. They are stronger and stiffer 
than other materials of the same weight 
and are used to make light boats. 


@Coke. A greyish, porous, brittle solid 
containing over 80% carbon. It is made 
by heating coal in the absence of air in 
coke ovens, or as a by-product of 
making coal gas (see carbon 
monoxide). It is a smokeless fuel. 


eCharcoal. A porous, black, 
amorphous”, impure form of carbon. It 
is made by heating organic material in 
the absence of air. 


Some uses of 









charcoal 

Charcoal is Activated 

used by artists charcoal absorbs 
for drawing. small molecules 


onto its surface. It is 
used in shoe lining 
pads to absorb 


odours. . 






Charcoal is 
used as a 

smokeless 
fuel, e.g. at 
barbecues. 


* Amorphous, 135; Anion, Cation, 130; Petroleum, 198; Reducing agent, 148. 


_ dioxide. When a car engine 





®Carbon dioxide (CO,). A colourless, 
odourless gas found in the atmosphere 
(see carbon cycle, page 209). It is mad 
industrially by heating calcium 
carbonate in a lime kiln (see also page 
216 for preparation). It dissolves in 
water to form carbonic acid (H,CO;). 


Carbon dioxide is not very reactive, 
though it reacts with both sodium and 
calcium hydroxide solutions (see page 
218) and magnesium ribbon burns in it. 


Carbon dioxide has many uses. 

f =, 
It is used in fire 
extinguishers. 
It forms a 
blanket over 
the flames and 


It is used to 
make drinks 
fizzy. Carbon 
dioxide escapes, 
when the canis , 
opened, as the does not allow 
pressure is air to reach the 
‘released, _-#” © fire ~~ 





@eCarbon monoxide (CO), A 


poisonous, colourless, odourless gas, 
made by passing carbon dioxide over 
hot carbon, and also by burning 
carbon fuels in a limited supply of air. 
It is not water-soluble, burns with a 
blue flame and is a reducing agent” 
(used to reduce metal oxide ores to 
metal (see iron, page 174). It is also 
used, mixed with other gases, in fuels, 
e.g. mixed with hydrogen in water 
gas, with nitrogen in producer gas, 
and with hydrogen (50% ), methane 
and other gases in coal gas. 


If there is not enough oxygen, 
the carbon monoxide 
produced when fuel is burnt 
is not changed to carbon 


runs in a closed garage 
carbon monoxide accumulates. 





eCarbonates. Compounds made of a 


metal cation* and a carbonate anion“ 
(CO,”_). Excepting Group I carbonates 
they are insoluble in water and 
decompose on heating, e.g. calcium 
carbonate (CaCO). They all react with 
acids to give off carbon dioxide. 





180 


Group V elements 


The elements in Group V of the periodic table become increasingly 
metallic going down the group, see chart below. 


More information on nitrogen, 
phosphorus and their compounds 
can be found below and on pages 
181-182. They are the two most 
abundant members of the group. 


e Nitrogen (N,). A member of Group V 
of the periodic table. A colourless, 
odourless, diatomic* gas that makes 
up 78% of the atmosphere. It is 
produced by fractional distillation of 
liquid air* (see also page 217). Its 
oxidation state* in compounds varies 
from —3 to +5. It reacts with a few 
reactive metals to form nitrides. 





Nitrogen is essential for all organisms 
as it is found in molecules in living 
cells, e.g. proteins (see also nitrogen 
cycle, page 209). It is used in the 
manufacture of ammonia (see Haber 
process) and nitric acid. Liquid 
nitrogen, which exists below — 196°C, 


has many uses, including freezing food. 


Packets of crisps are filled 
BY. x with nitrogen gas to keep 

them fresh longer (when au 
is left in the packet the crisps 
qo stale), The gas in the 
packet also cushions the 
crisps against damage in 
transport. 








eHaber process. This process is used 
to make ammonia from nitrogen and 
hydrogen which are reacted in a ratio 
of 1:3. Ammonia is produced as fast 
and economically as possible by using 
a suitable temperature, pressure and 
catalyst* (see below). The reaction is 
exothermic* and reversible. 


(Under these conditions 15% of the reactants 
combine to form ammonia.) 


Haber process 





PMA uh 


gas 


. t 136 (Allotropy); Alloy, 344; Catalyst, 151: Covalent compounds, 132; Diatomic, 124; Electron configuration, 127; 
ne Eccl distillation of liquid air, 183; Ionic compound, 131; Outer shell, 127; Oxidation state, 149; 


Relative atomic mass, 138; Semiconductor, 65. 











@eAmmonia (NH;). A colourless, 

strong-smelling gas that is less 
dense than air and is a covalent 

' compound* made by the Haber 
process. It is a reducing agent” and 
the only common gas to form an 
alkaline solution in water — this solution 
is known as ammonia solution 
(NH,OH) or ammonium hydroxide. 
Ammonia burns in pure oxygen to give 

\ nitrogen and water, and reacts with 

! chlorine to give ammonium chloride. 





. iui 7 
ammoniac. A white, water-soluble, 
crystalline solid made when ammonia 
solution (see ammonia) reacts with 
dilute hydrochloric acid. When heated 
’ it sublimes* and dissociates* (see 


equation below and page 162). It is used 


in the dry batteries which run many 
electrical appliances. 


white, water-soluble, crystalline solid 
» sproduced by the reaction of ammonia 
d sulphuric acid. It is a fertilizer. 


»Ammonium nitrate (NH,NO;). A 
hite, water-soluble, crystalline solid 
formed when ammonia solution (see 
ammonia) reacts with dilute nitric 
acid. It gives off dinitrogen oxide 

y when heated. 









f 
eAmmonium sulphate ((NH,)2SO,). A 









Ammonium nitrate is 
used in explosives and 
i fertilizers. It is also 
yx® found in mixtures used 
ame) to feed pot plants. 





reaction, 162; Sublimation, 121. 


Ammonia is used to make nitric acid, fertilizers, plastics, 
explosives and household cleaners. 





* Covalent compounds, 132; Dissociation, 162; Halothane, 195; Nitrates, 182; Oxidizing agent, Reducing agent, 148; Reversible 


eDinitrogen oxide (N,O). Also called 


nitrous oxide or laughing gas. A 
colourless, slightly sweet-smelling, 
water-soluble gas. It is a covalent 
compound* formed by gently heating 
ammonium nitrate . It supports the 
combustion of some reactive substances 
and relights a glowing splint. 


Dinitrogen oxide is used as an anaesthetic by both 
dentists (see halothane”) and hospital anaesthetists. 


senna 
nT 
a 
id 
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eNitrogen monoxide (NO). Also called 


nitric oxide or nitrogen oxide. A 
colourless gas that is insoluble in 
water. It is a covalent compound* 
made when copper reacts with 50% 
concentrated nitric acid. It reacts with 
oxygen to form nitrogen dioxide and 
also supports the combustion of 
reactive elements. 


eNitrogen dioxide (NO,). A very dark 


brown gas with a choking smell. It is a 
covalent compound”. 


Nitrogen dioxide is made when 
copper reacts with concentrated nitric 
acid and when some nitrates* are 
heated. It supports combustion and 
dissolves in water to give a mixture of 
nitric acid and nitrous acid (HNO,). It 
is used as an oxidizing agent’. 

Nitrogen dioxide dimerizes (two molecules of the 


same substance bond together) below 21.5°C to form 
dinitrogen tetraoxide (N,O,), a colourless gas. 


Below 21.5°C 
recombines 


eversible 
reaction* 


Above 21.5°C 
dissociates* 


Dinitrogen 
tetraoxide 


Nitrogen dioxide 













Group V continued 


eNitric acid (HNO;) or nitric(V) acid. Nitrates or nitrate(V) compounds. 
A light yellow, oily, water-soluble Solid ionic compounds” containing 
liquid. It is a covalent compound* the nitrate anion* (NO; ) and a metal 
containing nitrogen in oxidation state* cation* (see test for nitrate ion, page 
+5. Itis a very strong and corrosive 218). Nitrogen in a nitrate ion has an 
acid which is made industrially bythe oxidation state* of +5. Nitrates are 
three-stage Ostwald process. This salts* of nitric acid and are made by 
process is shown below: adding a metal oxide, hydroxide or 
carbonate to dilute nitric acid. All 
. nitrates are water-soluble and most 
_\give off nitrogen dioxide and oxygen 
on heating (some exceptions are 
sodium, potassium and ammonium 
nitrates). — 


Stage 1: Ammonia reacts with oxygen. 
















Sodium nitrate 
(NaNO,) is used to 


a pial? > 


Stage 2: Nitrogen monoxide cools and reacts with more 
oxygen to give nitrogen dioxide. Stage 3: Nitrogen 
dioxide dissolves in water to form nitric acid. 


Concentrated nitric acid is a mixture 
of 70% nitric acid and 30% water. Itisa 
powerful oxidizing agent”. Dilute 
nitric acid is a solution of 10% nitric 
acid in water. It reacts with bases“ to ammonium nitrates 
give nitrate salts* and water. Nitric Oe 
acid is used to make fertilizers and 
explosives. 


eNitrites or nitrite(II) 


oe ° (NaNO,) is 
compounds. Solidionic ised ig 


compounds” that preserve meat 


ro 
ae 
a 


A mixture of ‘ te 
cr » soonoeneaied contain the nitrite 


 hodrothione acid anion* (NO, a. and 
and concentrated ? ‘ 
nitric acid, called metal cation*. They are 


iG 
4 

X > My fe \ aqua regia (Latin = * 

ea Ln gst ee eal for King’s water), usually reducing agents , 


products. y 





’ 
is 








Py 


es -e will dissolve gold. 





nd 






Phosphorus (P). A non-metallic Seto ePhosphorus 
member of Group V (see chart, page q Te os pentoxide (P2035). A 
180). Phosphorus only occurs naturally of i white solid and 
in compounds. Its main ore is apatite dehydrating agent’, 
(3Ca;(PO,)..CaF 2). It has two made by burning 
common forms. White phosphorus, phosphorus in air. It 
the most reactive form, is a poisonous, reacts vigorously with 
waxy, white solid that bursts into / water to form 
flames in air. Red phosphorus is a AER * phosphoric acid 
dark red powder that is not poisonous _ Living organisms contain (H3PO4) and is used 


phosphorus compounds, : * 
and not very flammable. e.g. bones are mainly to protect against rust". 


calcium phosphate. 





182 * Anion, 130; Base, 151; Catalyst, 161; Cation, 130; Covalent compounds, 132; Dehydrating agent, 344; Ionic compound, 131; 
Oxidation state, 149; Oxidizing agent, Reducing agent, 148; Rust, 174; Salts, 153. 








Group VI elements 


The elements in Group VI of the periodic table show increasing metallic 
properties and decreasing chemical reactivity going down the group. 
The chart below shows some of the properties of these elements. 


ame of Chemical Relative Electr se sti 
Ee 
Colourless gas, 













More information on oxygen, 
sulphur and their compounds 
can be found below and on 
pages 184-185. They are found 
widely and have many uses. 


Oxygen (Oz). A colourless, odourless, Fractional distillation of liquid air (see also page 2 220) - 





diatomic” gas that makes up 21% of — a. | = Riris | __ fawane ae 
the atmosphere. It is the most removed. compressed,» Sazbon 
E : = a 8 oxide are 
abundant element in the Earth’s crust removed. 
and is vital for life (see respiration, aa a 
page 209). It supports combustion, oe fe COO ee ae — a a 


cold outgoing gases. 
aed he 


ie passes intothe fractionating / 
column and liquefies. Herethree [= 
—— > of the gases in air are separated by — 
their boiling points. Noble gases* | 







dissolves in water to form a neutral* ORG 
solution and is a very reactive 
oxidizing agent’, e.g. it oxidizes iron to 
iron(III) oxide. Plants produce oxygen 
by photosynthesis and it is obtained 
industrially by fractional distillation 
of liquid air. It has many uses, e.g. in 
hospitals and to break down sewage. 
See test for, and preparation of, 


oxygen, pages 217 and 219. 









to expand 
causing it to 


cool further. are then refined from these. 


arrmacee mnt eemerenaert an a ee 





@Oxides. Compounds of oxygen and 
one other element. Metal oxides are 
mostly ionic compounds” and bases”, 
e.g. calcium oxide (CaO). Some metal 
and metalloid* oxides are amphoteric”, 
eOzone (O;). A poisonous, bluish gas e.g. aluminium oxide (Al,O;). Non- 
whose molecules contain three oxygen metal oxides are covalent* and 
atoms. It is an allotrope* of oxygen, often acidic’, e.g. carbon dioxide (COz). 
found in the upper atmosphere where 
it absorbs most of the sun’s harmful 
ultraviolet radiation. It is produced 
when electrical sparks pass through : 

. . . The ozone 
air, e.g. when lightning occurs.Ozone §fayer absorbs a 
is a powerful oxidizing agent* and is lotofthe sun's _ 

s ais ultraviolet radiation. 
sometimes used to sterilize water. 









Ultraviolet radiation 


Sun 


* Allotropes, 136 (Allotropy); Alloy, 344; Amphoteric, Base, 151; Covalent compounds, 132; Diatomic, 124; Electron configuration, 
127; Ionic compound, 131; Metalloids, 165 (Metal); Neutral, 151; Noble gases, 189; Outer shell, 127; Oxidizing agent, 148; Photocell, 
345; Radioactivity, 128; Relative atomic mass, 138; Semiconductor, 65. 











Sulp hur eSulphur dioxide (SO,) or sulphur(IV) Hydrogen sulphide (H,S). A 


oxide. A poisonous, choking gas colourless, poisonous gas, smelling of 
Sulphur (S) is a member of Group VI of the periodic table (see chart, which forms sulphurous acid when bad eggs. It dissolves in water to form 
page 183). It is a yellow, non-metallic solid that is insoluble in water. It is | dissolved in water. Itisacovalent | aweakacid’. It is given off when 
polymorphic” and has two allotropes* — rhombic and monoclinic compound* made by burning sulphur _ organic matter rots and when a dilute 
sulphur. Sulphur is found uncombined in underground deposits (see in air or adding dilute acid toa acid is added to a metal sulphide. 
Frasch process) and is also extracted from petroleum* and metal sulphite. It usually 2 “=~,  @Sulphates or sulphate(VI) 
sulphides (compounds of sulphur and another element), e.g. iron(II) raion eas i 26 | compounds. Solid ionic compounds* 
sulphide (FeS). It burns in air with a blue flame to form sulphur dioxide ee a sens a) (eae) Kee = that contain a sulphate ion (SO,’ ) 
and reacts with many metals to form sulphides. It is used to vulcanize* | ot Tu ase A | SS mt benvrine mecha ee 
. . « mt ze + , | i, A. 4): y 
eee and to make sulphuric acid, ne and fungicides". and nea bleak ye Date salts* of eulphutic acid made by 
eRhombic sulphur. Also called alpha @Monoclinic sulphur or beta sulphur Sulphur dioxide is used to B= _~—s adding bases‘ to dilute sulphuric acid. 
sulphur (a-sulphur) or orthorhombic  (f-sulphur). A yellow, crystalline, pana el finda products o ! ‘sii i ei 
sulphur. A pale yellow, crystalline allotrope* of sulphur. It is more stable | oe used to “fix” photographs. 
allotrope* of sulphur, the most stable than rhombic sulphur at temperatures eSulphur trioxide (SOs) We sulphur(VI) This ee 
form at room temperature. over 96°C. oxide. A white volatile* solid that is wea Mee at a 
Crystal of rhombic sulphur (see also page 136) Crystal of monoclinic sulphur formed by the contact pone eSulphites or sulphate(IV) 








Sulphur trioxide reacts very vigorously 
with water to form sulphuric acid. 


(long, thin and angular) 


Molecular lattice* of sulphur 
rings (arranged differently to 
monoclinic sulphur). 


compounds. Ionic compounds* 
containing a sulphite ion (SO,” ) and 
eSulphurous acid (H,SO3) or a metal cation” e.g. sodium sulphite 
- sulphuric(IV) acid. A colourless, (Na,SO,;). They are salts* of 
weak acid*, formed when sulphur sulphurous acid, and react with dilute 
dioxide dissolves in water. strong acids* giving off sulphur dioxide. 

















eSulphuric acid (H,SO,) or sulphuric(VI) acid. An 
oily, colourless, corrosive liquid. It is a dibasic” acid, 
The sulphur rings are arranged in made by the contact process. Concentrated 


a molecular lattice*, but ina . . ; 0 ; 
aivercht ay to eheakiichranp bik sulphuric acid contains about 2% water, is 





Rhombic sulphur is denser than 
monoclinic sulphur as the sulphur 
rings are more tightly packed 
together. 








hygroscopic” and a powerful oxidizing and 

ePlastic sulphur. A form eFrasch process. dehydrating agent*. Dilute sulphuric acid, a 

of sulphur made when The method strong acid*, contains about 90% water. It reacts with 

hot liquid sulphur is used to extract metals above hydrogen in the electrochemical 

poured into water to cool sulphur from series* to give the metal sulphate and hydrogen. 

it quickly. It can be underground 

kneaded and stretched deposits by a 

into long fibres. It is not melting it. ~ steam* passes | 

stable and hardens Sulphur nrg outside 

when rings of eight produced this WB 5. Air bubbles from 

sulphur atoms reform way is 99.5% R . i i ire 

(see above). pure. ae i ¥ sulphur, helping it 


pass back up the well. 


eF lowers of sulphur. A 
fine yellow powder 
formed when sulphur 
vapour is cooled 
quickly. The molecules 
are in rings of eight atoms. 










acid is used =e > 


to make many things e.g. 
fertilizers, man-made fibres, 
detergents and paints. 





1 . ; d, 132; icide, 344; ice, 137; , 198; ism, 136; ; : 
84 eee ee ee ee, CA ne ee ee * Base, 151: Bleach, 344; Catalyst, 151; Cation, 130; Covalent compounds, 132; Dehydrating agent, 344; Dibasic, 153; 

, Electrochemical series, 159; Fumigation, 344; Hygroscopic, 206; Ionic compound, 131; Oxidizing agent, Reducing agent, 140, Salts, 
153; Strong acid, 152; Volatile, 345; Weak acid, 152. 
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Name of | Chemi 
element attel 


Group VII, the halogens 


The elements in Group VII of the periodic table are called the halogens, 
and their compounds and ions are generally known as halides. Group 
VII members are all non-metals and their reactivity decreases going 
down the group — the chart below shows some of their properties. For 
further information on group members, see below and pages 187-188. 


Relative 
aa mass* 





Electron 
configur 





ation* | power 7 | 
. . - oe ' : . ' 


The power of Group VII elements as oxidizing agents* decreases down 
the group. They can all oxidize the ions of any members below them in 


the group. For example, chlorine displaces both bromide and iodide 


anions* from solution by oxidizing them to bromine and iodine 
molecules respectively. Bromine only displaces iodide anions from . 
solution and iodine cannot eg any halide anions from solution. 


@Fluorine (F,). A 


member of Group VII of 
the periodic table. It isa 
diatomic" gas, 
extracted from 
fluorospar (CafF’,) and 


Bromine displaces iodide anions* from potassium 
iodide. Each iodide anion loses an electron (is 
oxidized*) when it is displaced by a bromide anion“. 








cryolite (Na,AlF’,). It is 
the most reactive 
member of the group 
and is a very powerful 
oxidizing agent”. It 
reacts with almost all 
elements. See pictures 
for some examples of its 
uses. 


Fluorine reacts to form useful, stable 
organic compounds’, called fluorocarbons, 
e.g. poly(tetrafluoroethene), or PTFE (see 
also page 195). Pans are coated with PTFE 
because it stops food sticking, and skis are 
coated with PTFE to reduce friction. 





Some fluorides 
(inorganic compounds of 
fluorine) are added to 
toothpastes, and in some 
countries to drinking 


water, to reduce tooth 


decay. 


* Bromide anion, 188 (Bromides); Covalent compounds, 132; Diatomic, 124; Electron configuration, 127; Iodide anion, 188 (Iodides); 
Ionic compound, 131; Isotope, 127; Organic compounds, 190; Outer shell, 127; Oxidation, Oxidizing agent, 148; Relative atomic 


mass, 138. 


®Chlorine (Cl,). A member of Group 
VII of the periodic table. A poisonous, 
choking diatomic* gas which is very 
reactive and only occurs naturally in 
compounds. Sodium chloride (NaCl), 
its most important compound, is found 
in rock salt and brine. Chlorine is 
extracted from brine by electrolysis’, 
using the Downs’ cell (see sodium, 
page 168 and also chlorine, page 216). 
It is a very strong oxidizing agent*. 
Many elements react with chlorine to 
form chlorides (see equation below). 





A Insunlight this reaction is explosive. 


Chlorine has many uses. It is used to make 
hydrochloric acid (see hydrogen chloride), some 
organic solvents and also as a germicide* 
in swimming pools. 


It is also used as a germicide in 
drinking water and 
disinfectants. 


eSodium hypochlorite (NaOCl) or 
sodium chlorate(I). A crystalline, 
white solid, stored dissolved in water, 
and formed when chlorine is added to 
a cold, dilute sodium hydroxide solution. 
It is used in domestic bleach* and also 
to bleach paper pulp white for writing. 





* Anion, 130; Base, 151; Bleach, 344; Cation, 130; Covalent compounds, 132; Diatomic, 124; Electrochemical series, 159; 
Electrolysis, 156; Galvanizing, 174; lonic compound, 131; Oxidizing agent, 148; Polar solvent, 144; Resin, 345; Strong acid, 152 

















@Chlorides. Compounds formed when 
chlorine combines with another 
element. Chlorides of non-metals (see 
hydrogen chloride) are covalent 
compounds’, usually liquids or gases. 
Chlorides of metals, e.g. sodium 
chloride (NaCl), are usually solid, 
water-soluble, ionic compounds* 
made of a chloride anion* (Cl) and 
metal cation*. See also page 218. 


eHydrogen chloride (HCl). A 
colourless, covalent* gas that forms 
ions when dissolved in a polar 
solvent’. It is made by burning 
hydrogen in chlorine. It reacts with 
ammonia and dissolves in water to 
form hydrochloric acid, a strong 
acid*. Concentrated hydrochloric 
acid, 35% hydrogen chloride and 65% 
water, is a fuming, corrosive and 
colourless solution. Dilute 
hydrochloric acid, about 7% 
hydrogen chloride and 93% water, is a 
colourless solution that reacts with 
bases*, and with metals above 
hydrogen in the electrochemical 
series*. Concentrated hydrochloric 
acid is used industrially to remove rust 
from steel sheets before they are 
galvanized’. 



































Concentrated hydrochloric acid is used to etch metals. 


Bath of concentrated 
hydrochloric acid 











Line of metal 
exposed to acid. 









The metal exposed to the acid is eaten away leaving a 
groove in the surface. When printing a picture the 
groove is filled with ink. 









eSodium chlorate (NaClO3) sodium chlorate 


kills ee. 


















or sodium chlorate(V). 
A white, crystalline solid, 
formed when chlorine is 
added to warm 
concentrated sodium 
hydroxide, and also when . LM | 
sodium hypochlorite is |’ 
warmed. id 














Group VIII, the noble gases 


The noble gases, also called inert or rare gases, make up Group VIII of 
the periodic table, also called Group 0. They are all monatomic’ gases, 
obtained by the fractional distillation of liquid air*. Argon forms 0.9% of 
the air and the other gases occur in even smaller amounts. They are all 
unreactive because their atoms’ electron configuration” is very stable 
(they all have a full outer shell*). The lighter members do not form any 
compounds, but the heavier members form a few. 


@Helium (He). The first member of eArgon (Ar). The most abundant 
Group VIII of the periodic table. Itisa |= member of Group VIII of the periodic 
colourless, odourless, monatomic* table. It is a colourless, odourless, 
gas found inthe atmosphere (one part monatomic’ gas that makes Electric 
in 200,000) and in some natural gases up 0.9% of the air. Obtained wd 
in the USA. It is obtained by the by the fractional distillation 
fractional distillation of liquid air* of liquid air”, it is totally 
and is completely unreactive, having unreactive, having no known MA : 
no known compounds. It is used in compounds. It is used in electric 
airships and balloons, as it is eight light bulbs and fluorescent tubes. 
times less dense than air and not eKrypton (Kr). A member of Group 
inflammable, and also by deep-sea VIII of the periodic table. It is a 
divers to avoid “the bends”. colourless, odourless, monatomic* 

gas found in the atmosphere (one part 

in 670,000). It is obtained by the 
fractional distillation 
of liquid air* and is 


Halogens continued 


@Bromine (Br,). A member of 
Group VII of the periodic table 
(the halogens — see chart, page 
186). It is a volatile*, diatomic* 
liquid that gives off a poisonous 
choking vapour. It is very 
reactive and only occurs 
naturally in compounds e.g. 
those found in marine organisms, 
rocks, sea water and some. 
inland lakes. It is extracted from 
sodium bromide (NaBr) in sea 
water by adding chlorine. 
Bromine is a strong oxidizing 
agent*. It reacts with most 
elements to form bromides, and 
dissolves slightly in water to give 
an orange solution of bromine 
water. Bromine compounds are 
used in medicine, photography, 
and disinfectants. It is used to 
make 1,2-dibromoethane 
(CH,BrCH,Br) which is added to 
petrol to stop lead accumulating 







eHydrogen bromide (HBr). A colourless, 
pungent-smelling gas, made by the reaction 
of bromine with hydrogen. Its chemical 


properties are similar to those of airship 
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in engines. hydrochloric acid. 
unreactive, only | x r 
Iodine (I,). A member of Group VII of the f2ck cfiodine forming one Known ppp 
periodic table (the halogens — see chart, the thyroid aeane eNeon (Ne). A member of Group VIII of | compound, krypton a =A 
page 186). A reactive, diatomic’, crystalline ffouct thyroxn the periodic table. A colourless; fluoride (KrF). 
solid. It is extracted from sodium iodate pepo a lbgsa er Sit 28 Me vA odourless monatomic’ gas found:in Krypton is used in — 
° ope is REedegG to. Tre ate e€ maln [00a Sources O 4 : Kryp l 
(NalIO,) and seaweed. It is an oxidizing body metabolism. iodine are sea food. cod the atmosphere (one part in 55,000). It esas lasers sia in the light | bubs car” 
* ; People with a liver oil, fruit and 1 ; uorescent tubes. miners’ helmets. 
agent and reacts with many elements to writ  yocmtables aunt falda ah is obtained by the Neon sign 
form iodides. When heated, it sublimes*, suffer from goitre. has iodine added to it. fractional distillation of eXenon (Xe). A member of 
giving off a purple vapour. Many elements ee, Seaweed contains up to liquid air* and is totally Group VIII of the periodic et 
react with iodine to form iodides. Iodine is @GRWG_ °°” todine (Py weight) unreactive, having no table. A colourless, oO 
only slightly soluble in pure water but 2 jing ett known compounds. It is odourless, monatomic* gas A 
dissolves well in potassium iodide (KI) Godtine dissolved in used in neon signs and found in the atmosphere /~ 
. ‘ t l d é é ‘ aA ES : 
solution and some organic solvents. eee fluorescent lighting as it (0.006 parts per million). ee 
emits an orange-red Obtained from the 


@Iodides. Compounds of iodine and one 
other element. lodides of non-metals 
are covalent compounds" (see 
hydrogen iodide). lodides of metals 
are usually ionic*, made of iodide 
anions* (I) and metal cations’. 
Except silver iodide (AgI), ionic 
iodides are water-soluble. See page 218. 





Hydrogen iodide (HI). A colourless gas 


with a pungent smell. It is a covalent 
compound* formed when hydrogen and 
iodine react. It dissolves in water to give a 
strongly acidic solution called hydroiodic 
acid. The chemical properties of this acid 
are similar to hydrochloric acid. 


* Anion, Cation, 130; Covalent compounds, 132; Diatomic, 124; lonic compound, 13]; Oxidizing agent, 148; Sublimation, 12]; 


Volatile, 345. 


glow when an electric 
discharge passes 
through it at low pressure 
@Radon (Rn). The last member of 
Group VIII of the periodic table. It is 
radioactive’, occurring as a result of 
the radioactive decay* of radium. 





fractional distillation of 
liquid air*, it is unreactive, 
forming only a very few 
compounds, e.g. xenon 
tetrafluoride (XeF',). It is 

used to fill fluorescent cama toa 
tubes and light bulbs. bulbs. 


Hh iM 


‘a sla H Mh, 
Xenon is used 





* Electron configuration, 127; Fractional distillation of liquid air, 183; Monatomic, 124; Outer shell, 127; Radioactive decay, 


Radioactivity, 128. 
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Organic chemistry 


Originally organic chemistry was the study of chemicals found in living 
organisms. However, it now refers to the study of all carbon-containing 
compounds, except the carbonates* and the oxides* of carbon. There 
are well over two million such compounds (organic compounds), more 
than all the other chemical compounds added together. This vast number 
of covalent compounds” is possible because carbon atoms can bond 
with each other to make a huge variety of chains and rings. 


eAliphatic compounds. Organic 
compounds whose molecules contain 
a main chain of carbon atoms. The 
chain may be straight, branched or 
even in ring form (though never a 
benzene ring — see aromatic 
compounds). 


Main chain — the 
longest continuous 
chain of carbon 
atoms in the 
molecule. 


Side chain —a 
shorter chain of 
carbon atoms 
coming off the 
main chain. 











"ae 


Branched chain of carbon atoms ina 3-methyl pentane 
molecule. Ina branched chain a carbon atom may be 
bonded to more than two other carbon atoms. 


eAromatic compounds. Organic 
compounds whose molecules contain 
a benzene ring. A benzene ring has 
six carbon atoms but differs from an 
aliphatic ring because bonds 
between carbon atoms are neither 
single nor double bonds* but midway 
between both in length and reactivity. 


eStereochemistry. The study 
of the 3-dimensional (3-D) 
structure of molecules. 
Comparing the 3-D structure 
of very similar organic 
molecules, e.g. stereoisomers, 
helps distinguish between 
them. The 3-D structure of a 
molecule is often shown by a 
stereochemical formula“ — a 
diagram that shows how 
atoms are arranged in space. 


Symbol for bond 
along plane 
of page 
symbol for 


bond coming 
out of the page. 


ld 


or 


Cyclohexane 
molecule. An 
example ofa 
molecule 
containingaringof { 
carbon atoms. — 


There are two possible 
ways of representing a 
benzene ring. 


\ 


Stereochemical 


SS 





Symbol for 
bond going 
into page. 


s 
A Un 
ae 


The carbon-hydrogen bonds are 


arranged to form a tetrahedron. 


Straight chain of carbon atoms in a butan-1-ol molecule. 
No carbon atom is bonded to more than two other 
carbons. - 













The bonds linking the carbon atoms are midway ] 
between single and double bonds* because some 
electrons are free to move around the molecule. 


Structural formula* of methane. @Jsomers. Two or 
This simplified version of the 
molecule does not show the 3-D 
arrangement of the atoms. 


more compounds with — 
the same molecular 
formula’, but different 
arrangements of 
atoms in their 
molecules. As a result 
the compounds have 
different properties. 
There are two main 
types of isomer, 
structural isomers 
and stereoisomers. 


* Carbonates, 179; Covalent compounds, Double bond, 132; Molecular formula, 140; Oxides, 183; Single bond, 132; Stereochemical 


formula, Structural formula (shortened), 140. 


> 











eHydrocarbons. 
Organic compounds 
that contain only 
carbon and hydrogen 
atoms. 


Two examples 
of hydrocarbon 
molecules: 


Methane YW 








ry @ Ethene 


®Functional group. An atom or group 
of atoms that gives a molecule most of 
its chemical properties. Organic 
molecules can have several such 
groups (see also pages 194-195). 


Most — al groups contain at least one atom 
> >, that is not carbon or hydrogen. 
Functional group of 
alcohols’ called a 
hydroxyl group 
—~OH) 





ee Ethene > - ” 
a lecule / ,, 
Ethanol molecule a te e(y ) 


Two carbon atoms joined by a double or triple bond" 
are also functional groups. 


@Homologous series. A group of 
organic compounds which increase in 
size by adding a —CH,— group each 
time. All series (except the alkanes”) 
also have a functional group, e.g. the 
alcohol* hydroxyl group (— OH). 
Members of a series have similar 
chemical properties but their physical 
properties change as they get larger. 
A homologous series has a general 
formula for all its members. 


eStructural isomers. Compounds with 
the same molecular formula’, but 
different structural formulae’, i.e. the 
atoms are arranged in different ways. 


The molecular formula* C,H;O has two different 
structural formulae* 


Two 


structural isomers 
Methoxymethane 





A 
Ethanol 


* Alcohols, 196; Alkanes, 192; Double bond, 132; Molecular formula, 140; Single bond, 132; Stereochemical formula, Structural 


formula (shortened), 140; Triple bond, 132. 





eSaturated compounds. Organic 
compounds whose molecules only 
have single bonds* between atoms. 
Single bonds* “7 a 


Partofa >» 
molecule 
found in 
butter -—a 
saturated 
compound. 





eUnsaturated compounds. Organic 
compounds whose molecules have at 
least one double or triple bond’. 


®Polyunsaturated compounds. A term 
used for compounds whose molecules 
have many double or triple bonds’, 
e.g. those found in soft margarines. 


Margarines > ee ae 


contain 
poly- 
unsaturated 
compounds. 
Part of a 
molecule in 
margarine. 


‘ WM 
\ a 
i ik 
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First two members ofa 
homologous series of 
alcohols* 


J | @ Methanol (structural 
formula* CH.,OH) 













functional 

group 
Ethanol (structural p> 
formula* (. 
CH;CH,OH) DD 
The general formula for 
alcohols” is C,H, , ;OH 
(where n stands for the 
number of carbon atoms). 


eStereoisomers. Compounds with the 
same molecular formula* and 
grouping of atoms but a different 3-D 
appearance. 


The harmonies ee C,H, has two different ie 
7 / stereochemical 
formulae*. — 


stereoisomers 


Cis but-2-ene Trans but-2-ene 






Alkanes 


Alkanes, or paraffins,are all saturated* hydrocarbons” and aliphatic 
compounds’. They form a homologous series* which has a general 
formula* of C,,H>,,,2. As the molecules in the series increase in size, so 
the physical properties of the compounds change (see below). 





i! 





Alkanes are non-polar molecules*. They burn in air to form carbon 
dioxide and water, and react with halogens*, otherwise they are 
unreactive. Excepting methane, they are obtained from petroleum”. They 
are used as fuels and to make other organic substances, e.g. plastics. 


4). The ¢@Ethane (C2He). A Propane (C3H,). A 
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eCycloalkanes. Alkane molecules 
whose carbon atoms are joined ina 
ring, e.g. cyclohexane (see picture 
















page 190). Their properties are similar 
to other alkanes. 


A chlorine atom 
is substituted for 
the hydrogen atom. 


9 . . ' Alkanes react with halogens* 
eSubstitution reaction. A reaction in by undergoing a substitution 


which an atom or functional group" of _ reaction. Here is an example: 
a molecule is replaced by a different ( 

atom or functional group. The 
molecules of saturated compounds", 
e.g. alkanes, can undergo substitution f ) ca 
reactions, but not addition reactions. ethane Chicvine. _ Cidlesamaaeiiaie Chiekia 















192 * Kliphatic compounds, !90; Functional group, 191; General formula, 191 (Homologous series); Halogens, 186; Hydrocarbons, 191; 
Matacktar ie 140; Non-polar molecule, 133; Petroleum, 198; Saturated compounds, 191; Structural formula (shortened), 140. 














Alkenes 


Alkenes, or olefins, are unsaturated* hydrocarbons’ and aliphatic 
compounds”. Alkene molecules contain one or more double bonds* 
between carbon atoms. Those with only one form a homologous series* 
with the general formula* C,,H.,,. As the molecules increase in size their 
physical properties change gradually (see below). 





Alkenes are non-polar molecules*. They burn with a smoky flame and 
in excess oxygen are completely oxidized* to carbon dioxide and water. 
Alkenes are more reactive than alkanes, because of their double bond — 
they undergo addition reactions, and some form polymers*. Alkenes 
are made by cracking” alkanes and are used to make many products 
including plastics and antifreeze. 


Some kitchen 
@Propene (C;H,) or tools are made 


propylene. A member of cui cdicaads 
the alkenes. Itisa the palmer’ 
colourless gas used to of propene. 
make propanone and 

poly(propene), also called “3 
polypropylene. 4 


eEthene (C,H,) or ethylene. The 
simplest alkene (see chart above) - it 
is a colourless, sweet-smelling gas 
which undergoes addition reactions 
to form polymers of polythene. It is 
used to make plastics, ethanol, and 
many other organic chemicals. 









eAddition reaction. A reaction in Hydrogenation. An addition reaction 
which two molecules react together to in which hydrogen atoms are added to 
produce a single larger molecule.One  anunsaturated compound’ molecule. 
of the molecules must be unsaturated* > > thapen 
(have a double or triple bond”). 


Addition reaction Colourless 


Brown solution. Bromine dissolved _ solution oni 
in tetrachloro- (| 
methane. 









Ethene f i i 7 ( a 







. “| Two bromine 

y J atoms added to 
—— original ethene 
molecule. 












Ethen 1,4 dibromoethane s type of reaction is used in the margarine industry 


The change of colour is used as a test for unsaturated to harden animal and vegetable oils. (These oils are 
compounds” like alkenes. unsaturated compounds”, but not alkenes.) 








* Aliphatic compounds, 190; Cracking, 198; Double bond, 132; General formula, 191 (Homologous series); Hydrocarbons, 191; 
Molecular formula, 140; Non-polar molecule, 133 (Polar molecule); Oxidation, 148; Polymers, 200; Saturated compounds, 191; 
Structural formula (shortened), 140; Triple bond, 132; Unsaturated compounds, 191. 




























Alkynes More homologous series @Carboxylic acids. Compounds that @Halogenoalkanes or alkyl halides. A 










contain a carboxyl group (a -COOH homologous series* that contains one 
Alkynes, or acetylenes, are The following groups of organic functional group*) and forma or more halogen” atoms (see also 
unsaturated* (each molecule has a | compounds each form a homologous homologous series* with a general page 215). Most halogenoalkanes are 
carbon-carbon triple bond’) and series* of aliphatic compounds’. formula‘ C,H + ,COOH. Their names colourless, volatile* liquids which do 
aliphatic compounds”. They are Each series has a particular Mt -andle aria (see page a1). nae with wage. they will undergo 
eaieaediashone® and form a functional group’ and its members gent, colourless weak acids*, they substitution reactions . The most 

ee oe react with alcohols* to give esters reactive contain iodine, and the least 

ei a ham Ble a a have similar chemical properties. (see condensation reaction, page 197). reactive contain fluorine. 
general formula new2n- 2: eAldehydes. Compounds that contain a Methanoic acid (HCOOH) or Molecule of chloroethane 
Alkynes are named in the same -CHO functional group*. They form formic acid, the simplest (CH,CH,Cl), a halogenoalkane. 
way as alkanes”, but end in -yne, a homologous series* with a general eg poe ai ae eee we oe “—e 
not -ane (see page 214). They are formula* C,,H>,,,;CHO and are Carboxyl rhs chibeisé aun ithe 
non-polar molecules* with | named like alkanes* but end in -anal, = ee ears ae 
chemical properties similar to not -ane (see page 215). They are eee cae 
alkenes”*. They burn witha sooty colourless liquids (except methanal) Ba Seaue ry , H Some import ant organic compounds 







and reducing agents“, and undergo > (-COOH) 
addition*, condensation* and 
polymerization reactions*. When 


oxidized*, they form carboxylic acids. 


Nines ok athe = have more than one halogen* atom 
SOE (eC OO) OF in their molecules. 


acetic acid. It isa 
colourless 
liquid used, 


flame in air and a very hot flame.in 
pure oxygen. Alkynes are 
produced by cracking”. They are 
used to make plastics and solvents. 


Chloro group 
(-Cl functional group") 





























Molecule of = SS NP together with water and 

. - = > oly Ab > ' rr: 
Seed SES See caramel, to make vinegar. Seoderetits (ade 
(HCHO) or eli ie easaett : functional group") 
formaldehyde, Dicarboxylic acids. Compounds that 


contain two carboxyl groups (see 
carboxylic acids) in each molecule. Fluoro groups 


(-F functional 
P| Molecule of ‘ 
ethanedioic groups ) 
acid ((COQH),) Molecule of halothane 
or oxalic acid or 1-bromo, 1-chloro, 


the simplest 
aldehyde. It isa 
colourless, 
poisonous gas 
with a strong 
smell. It dissolves 
in water to make 


































eEthyne (C.H>) or acetylene. The -CHO formalin ‘ nee La SS a poisonous, 2,2,2-trifluoroethane. 
fanctional Preserve Didiogic dicarboxylic Used with dinitrogen 
simplest member of the alkynes. A cme specimens. It is also used to acid found in oxide as an anaesthetic. 
colourless gas, less dense than air and make polymers* and adhesives . Two carboxyl rhubarb leaves 
‘ ‘ ‘ oups 
with a slightly sweet smell. It is the eitudidltiddedrncextee tein a but not stalks. E) Molecule of 
only common alkyne. Ethyne Pp : eEsters. A homologous series* of Xt poly(tetrafluoroethene) 
; carbonyl group (a -CO- functional \ Fs ) PTFE) (see also page 186). 
undergoes the same reactions as the veut"): Ketones forie hemblovens compounds containing a -COO— Ss yetrs 
other alkynes but more vigorously, e.g. pals Pe ch g functional group* in every | aye NR 
; series* with a complex general lai —_ 
it reacts explosively with chlorine. It is formula” They ate nainea tee molecule. They are unreactive, prewie Diesdas ase Ocean 
made by cracking” and is used to Viena Keck a Sa ele Ca cee colourless liquids made by reacting a coating on saucepans. 
make polyvinyl chloride (PVC) and eee carboxylic acid and alcohol* (see @Primary amines. Compounds that 
Most are colourless liquids. They have d ; : : 
other vinyl compounds. condensation reaction, page 197). contain an amino group (-NH, 
chemical properties similar to ananel 3 ies : : 2 
tet ae aldehydes but are not redwetne agen ound in vegetable oils and animal fats, functional group*). They are weak 
ethyne. nee g they give fruit and flowers their bases”, and have a fishy smell. 
areas (00°) flavours and smells. They are used in C = Metivyidénine 
Or perfumes and flavourings. H <q (CH;NH,), a 
Molecule of the ester ethyl ethanoate Sine 
at or ethyl acetate. 
; Some esters Amino group 
Ethyne is used in Propanone is a colourless (44 ) that smell of 
oxy-acetylene = = liquid that mixes with water. 4, pears are used in ee 
welding torches Molecule of propanone It is used to make acrylic, weets. eDiamines. Compounds with two amino 





(CH,COCH,) or acetone, andasanorganic solvent, 


as it burns with 
the simplest ketone e.g. to remove nail varnish. 


a very hot flame. 


groups in each molecule. 








* Alcohols, 196; Functional group, 191; General formula, 191 (Homologous series); Halogens, 186; Substitution reaction, 192; 


* Addition reaction, 193; Aliphatic compounds, 190; Alkanes, 192; Alkenes, 193; Condensation reaction, 197; Cracking, 198; 
Volatile, 345; Weak acid, Weak base, 152. 


194 Functional group, 191; General formula, 191 (Homologous series); Hydrocarbons, 191; Non-polar molecule, 133; Oxidation, 148; 
Polymerization reaction, Polymers, 200; Reducing agent, 148; Structural formula, 140; Triple bond, 132; Unsaturated compounds, 
191. 









Alcohols 


Alcohols are organic compounds that contain one or more hydroxyl 
groups (-OH functional groups”) in each molecule. The alcohols 

shown below in the chart are all members of a homologous series* 

of alcohols which are aliphatic compounds” with the general formula* 
C,H, , ,OH. As the molecules in the series increase in size, their physical 
properties change steadily. Some of the trends are shown here: 


le SO 


Name of Structural Physical : Boiling , 
compound formula* state at 25 C point (C) 





As a result of their hydroxyl groups, alcohol molecules are polar’, and 
have hydrogen bonds”. Short chain alcohols mix completely with water, 
but long chain alcohols do not as their molecules have more —CH,— 
groups, making them less polar. Alcohols do not ionize* in water and 
are neutral*. They burn, giving off carbon dioxide and water. 


Primary alcohols are oxidized* first to 


Alcohols react with sodium: 7 
aldehydes* and then to carboxylic acids”. 







Secondary alcohols are oxidized* to 
nes (see page 194). 


AK i 


Alcohols react with phosphorus 
halides to give halogenoalkanes (see keto 








page 195), and with carboxylic acids to 
give esters (see condensation 
reaction and page 195). ene 





Ethanol is used as a solvent 
and in methylated spirits. It 

has many more uses - some 
are shown below. 


eEthanol (CH,CH,OH, often written 
C,H-;OH). Also called ethyl alcohol, 
or alcohol. An alcohol which is a 
slightly sweet smelling water-soluble 
liquid with a relatively high boiling 
point. It burns with an almost 
colourless flame and is made by 
ethene reacting with steam. It is also 


Toiletries 





A breathalyser is used to 
see if a person has drunk 
too much alcohol to drive 
safely. It contains an 
electronic device that 
measures the alcohol 
concentration in the breath. 





196 * Aldehydes, 194; Aliphatic compounds, 190; Alkanes, 192; Carboxylic acids, 195; Catalyst, 161; Functional group, 191; General 
formula, 191 (Homologous series); Hydrogen bond, 134; Ionization, 130; Neutral, 151; Oxidation, 148; Polar molecule, 133; Relative 
molecular mass, 138; Structural formula (shortened), 140. 





eAlcoholic fermentation. The name of 
the process used to produce ethanol 
(the potent chemical in alcoholic 
drinks) from fruits or grain. Glucose* 





4 
a 










Wine making 
Airlock stops air 
entering (it would 
oxidize* the 
ethanol to ethanoic 











from fruit or grain is converted into Wake acid). 
ethanol by enzymes” (catalysts* of 
the reactions in living cells). Yeast is 
used ‘in alcoholic fermentation because 
it has the enzyme zymase which 
catalyses the change of glucose to 


ethanol. 
_ Whisky distillery 


Grape juice and yeast. 
Yeast enzyme” 
zymase ferments 
glucose” from the 
juice, making carbon 
dioxide gas and 
ethanol. 





Demi-john (special container) 


Yeast dies if ethanol 
concentration gets too 
high. Stronger alcoholic 
dnnks, e.g. whisky, are 
_ made by distilling* the 
ethanol solution — this 
' removes water and 
7 concentrates the 

a | ethanol, making the 
K\ NY _ drink very potent. 





ni 















dary and tertiary alcohols 


7 a 4 a 


Primary, secon 





v ri i 






Molecule of 2-methyl propan-2-ol, 
a tertiary alcohol. The carbon 
atom attached to the hydroxyl 
group (see introduction) has no 
hydrogen atoms attached to it. 


Molecule of butan-2-ol, a 
secondary alcohol. The carbon 
atom attached to the hydroxy] 
group (see introduction) has one 
hydrogen atom attached to it. 


Molecule of butan-1-ol,"@ primary 
alcohol. The carbon atom attached 
to the hydroxyl group (see 
introduction) has two hydrogen 
atoms attached to it. 





The numbers in the names of the alcohols give the position of the carbon atom that the hydroxyl group 
is bonded to (see page 214 for more information on naming alcohols). 


\ 


@Condensation reaction. A type of 
reaction in which two molecules react 
together to form one, with the loss of a 
small molecule, e.g water. (See also 
condensation polymerization, page 200.) 
Example of a condensation reaction: 


ePolyhydric alcohols. Alcohols 
whose molecules contain more than 
one hydroxyl group (see introduction). 






Ethane-1,2-diol, or 
ethylene glycol isa 
diol (contains two 
hydroxyl groups). 
} Used as antifreeze. 














_, This reaction is also an esterification 

_» reaction as the product ethyl ethanoate 
is an ester*. An alcohol and an organic 
acid always react to form an ester. 


Propane-1,2,3-triol, 
glycerine, or 
glycerol, is a triol 
(contains three 
hydroxyl groups). 
Used to make explosives. 


* Catalyst, 161; Distillation, 220; Enzyme, 161; Esters, 195; Glucose, 204; Oxidation, 148. 





Liquefied 








Pp etr oleum eRefinery gas. A gas which petroleum |@®Chemical feedstocks. 
consists mainly of methane”. ee Fractions of petroleum which 
Petroleum, or crude oil, is a dark, viscous liquid, usually found at great Other light fractions contain _9as)is are used in the production of 
us as 









organic chemicals. These 

fractions are mainly refinery 
_/ gas and naptha, a part of the 
see fraction. 


propane and butane (both 
alkanes*) and are made into 
liquefied petroleum gas 
(LPG). 


Refinery gas 


Gasoline or petrol. A liquid 
fraction obtained from 
primary distillation. It 
consists of alkanes* with 5 to 


0 gas. 
oor vated: A 
measure of how well 


gasoline burns, 
measured ona scale of 0 


depths beneath the earth or sea-bed. It is often found with natural gas”, 
which consists mainly of methane*. Petroleum is formed over millions of 
years by the decomposition of animals and plants under pressure. It is a 
mixture of alkanes* which vary greatly in 
size and structure. Many useful products are 
produced by refining petroleum. 















Chemical feedstocks 
























Primary distillation 
vV 


Fractionating 
column 









which convert petroleum to more 






















useful products. Refining Pee niksis 12 carbon atoms in their to 100. It is increased by Gaal ~ 
== consists of three main processes eee . molecules and has a boiling using an anti-knock has anoctane Yating ot 
» primary distillation, cracking collected point range of 40-150°C. See agent such astetraethyl- over 0. Hrconsists 
at top. lead (Pb(OC>2Hs)zq). cnet” alkanes’. 


and reforming. also cracking and reforming. 








@Primary distillation or fractional distillation of 
petroleum. A process used to separate petroleum 
into fractions, according to their boiling points 
(see also page 220). A fractionating column (see 
diagram) is kept very hot at the bottom, but it gets 
cooler towards the top. Boiled petroleum passes 
into the column as vapour, losing heat as it.rises. 






Kerosene is 
used as a fuel” 
in jet engines 
and domestic 


th 


eKerosene or paraffin. A liquid 
fraction obtained from primary 
distillation. Kerosene consists of 
alkanes* with about 9-15 carbon atoms 
in their molecules. It has a boiling 
point range of 150-250°C. 

Bubble 


198 


When a fraction reaches a tray at a temperature 
just below its own boiling point, it condenses onto 
















caps. Small 





Kerosene 








_. Diesel oil is used as a fuel” 



















d 
the tray. It is then drawn off along pipes. Fractions which eDiesel oil or gas oil. A liquid fraction 2 in diesel engines. 
are distilled again to give better separations Sn ig obtained from primary distillation. It 
' rising oil . ses 
oF bake vei ar" ae ps vapour consists of alkanes* with about 12-25 
ee ed of liquids with similar boiling down into ormorecarbonatomsintheir' § ‘— /———a 
pene acai ALOR rere. distillation. Light ode ek molecules. It has a boiling point of 
fractions have low boiling points and short They BEC and ahove. 
hydrocarbon" chains. Heavy fractions have ee Ei eee 
higher boiling points and longer chains. efficiency pet Ss 
ol the ° ° ° . 
eCracking. A reaction which breaks large process. eResidue. The oil left eLubricating oil. A mixture of non- 
alkanes’ into smaller alkanes and alkenes*. The after primary - volatile* liquids obtained from the 
smaller alkanes are used as gasoline. Cracking or ie distillation. It pore ie of distillation of residue in a vacuum. 
occurs at high temperatures, or with a catalyst* 350°C hydrocarbons tata : Candles 
high relative molecular ,|eHydrocarbon waxes or paraffin and polish 


(catalytic cracking or “cat cracking”). 


[Petroleum 


eReforming. A process which produces gasoline 
from lighter fractions by breaking up straight 
chain* alkanes” and reassembling them as 
branched chain* molecules. 







Heavy fractions 
(most viscous) 
collected at 
bottom. 






* Alkanes, 192; Alkenes, 193; Branched chain, 190; Catalyst, 161; Ethene, 193; Hydrocarbons, 191; Natural gas, 192 (Methane); 


Straight chain, 190. 





masses”, their 
molecules containing up 
to 40 carbon atoms. Its 
boiling point is greater 
than 350°C. Some is used 
as fuel oil, the rest is 
re-distilled to form the 
substances on the right. 


at room temperature. 


* Alkanes, 192; Branched chain, 190; Fuel, 208; Hydrocarbons, 191; Methane, 192; Relative molecular mass, 138; Volatile, 4!) 


waxes. Soft solids which are separated ——— 

from lubricating oil after the oe 

distillation of residue in a vacuum. 

eBitumen or asphalt. A liquid left after 
the distillation of residue under 
vacuum. It is a tarry, black semi-solid’ apa 
















Road surfaces 
and roofing 











Polymers and plastics 


Polymers are substances that consist of many monomers (small 
molecules) bonded together in a repeating sequence. They are very long 
molecules with a high relative molecular mass*. Polymers occur 
naturally, e.g. proteins*. There are also many synthetic polymers, e.g. 
plastics. 

eMonomers. Relatively small.molecules — Simplified picture of a polymerization reaction - a 
that react to form poly mers. For reaction in which monomers bond to form a polymer. 
example, ethene* molecules are aoe ‘SS >- 

monomers which react together to Ee 
form polythene (see also equation for Picture ee a Picture representing a 
homopolymer). monomer. polymer. 


e Addition polymerization. 
Polymerization reactions in which 
monomers bond to each other without 
losing any atoms. The polymer is the 
only product and has the same 
empirical formula* as the monomer. 
See also addition reaction, page 193. 





@Homopolymer. A polymer made from 
a single type of monomer. 


Reaction to produce the homopolymer eae 





Example of an addition polymerization reaction ff the monomers are Part of a polythene 
ethene* molecules. molecule 
This is an addition polymerization reaction. 
’ eCopolymer. A polymer made from 
two or more different monomers. See 
(> chioride et chloride (PVC) 


condensation polymerization 


monomers polymer (homopolymer) 
example below. 


eCondensation polymerization. 
Polymerization reactions in which eDepolymerization. The breakdown of 
monomers form a polymer with the a polymer into its original monomers. 
loss of small molecules such as water. It occurs for example when acrylic is 
See condensation reaction, page 197. heated. 





Some uses of 








eSynthetic or Plastics. Synthetic polymers that are easily plastics 
man-made moulded. They are made from chemicals derived YS % 
polymers. from petroleum” and are usually durable, light \ 
Polymers solids which are thermal and electrical insulators. 


4 
preparedinthe They are often not biodegradable* and give off \¢ X 
laboratory orin poisonous fumes when burnt. There aretwotypes , \\ 


industry (not of plastic - thermoplastics which soften or melt on ANE 
natural heating (e.g. polythene) and thermosetting 

polymers), e.g. plastics which harden on heating and do not 

nylons. remelt (e.g. plastic used in worktops). 


* Biodegradable, 210; Empirical formula, 140; Ethene, 193; Petroleum, 198; Proteins, 205; Relative molecular mass, 138. 





ePolyesters. 


aPleaatseans or colviphanvicthiene): A 





S\_ ePolyamides. Copolymers formed by 
the condensation polymerization of a 
dicarboxylic acid* monomer with a 
diamine* monomer, e.g. nylons. 















Copolymers, formed by 
the condensation 
polymerization of diol* 
and dicarboxylic acid* 
monomers. The 
monomers are linked by 
-COO- functional 
groups”, as found in 
esters”. 







Polystyrene is used to make 
disposable knives, forks 
and cups. Air-expanded 
sheets of 
polystyrene are 
used in packaging 
and insulation. 


*¥ ePolyvinyl chloride (PVC) or 
Sa sadeubis poly(chloroethene). A hard-wearing 
are produced as homopolymer used to make many 
fibres which are : 

sch iat coe abe things. Some examples are shown 

| fumishing below. (See also addition 


materials. polymerization picture.) 
PVC drain pipes 






homopolymer formed by the addition 
polymerization of styrene 





(phenylethene). | : 
eal ar eNylons. A family of PVC records ieimdiation 
things, e.g. polyamides. They are @Acrylic. Also called 


parachutes and 
climbing ropes. 


strong, hard-wearing poly(methylmethacrylate) or 
polymers which stretch poly ((1-methoxycarbony])-1- 

but do not absorb water methylethene). A homopolymer 

or rot. They are used in formed by addition polymerization. It 
fabrics, often mixed with is often used as a glass substitute. 

other fibres. See | 
condensation 
polymerization for the 





equation for the sare a? 
manufacture of nylon 66. _ make 
outdoor 
oPobpliede. Also called poly(ethene) —_ 


or poly(ethylene). A homopolymer 
formed by the addition polymerization 
of ethene* (see homopolymer). 
Polythene is produced in two forms 
(depending on the method used) — a soft 
material of low density, and a hard, 
more rigid, material of high density. 
Polythene has a relative molecular 
mass* of between 10,000 and 40,000 and 
is used to make many things. | 


Polythene is used to make many 
kitchen utensils, e.g. washing-up 
bowls. 










* Carboxyl group, 195 (Carboxylic acids); Diamines, Dicarboxylic acids, 195; Diols, 197 (Polyhydric alcohols); Esters, |), Ethene, 
193; Functional group, 191; Glucose, 204; Latex, 344; Relative molecular mass, 138; Vulcanization, 345. 






















®Soapless detergents or synthetic Example of a soapless detergent molecule that does 
D eter gents not have an ionic* part - used in washing-up liquid. 
Che i‘ detergents. Types of detergent made Non-polar’ part Polar’ part of 
: ’ fro - inag* of molecule a molecule 
Detergents are substances which, when added to water, enable it to rom by-products of refining* crude 
Bee ae A ids nth ert cca io f oil. They are used to make many CH CH, CH, 
retehe irt. [hey do this in three ways: by eee e " er’s sur a , 7 products, including washing powders. 2 2 Z \ Z . 4 x fees oe, 
tension* so that it spreads evenly instead of forming drop ets, by enab ling shampoos and hair conditioners, and bi ee ee 
grease molecules to dissolve in water, and also by keeping removed dirt are usually simply referred to as ue of an ionic* soapless detergent molecule — 
; : 
suspended in the water. Soap is a type of detergent, but there are also detergents. Soapless detergents do ee au ec. decd 
many soapless detergents. not form a scum in hard water* and (non-polar* = of molecule) (polar* part of molecule) 
wdc lather better than soaps. If they are not ‘a 2 
Simpl ion of : a 
Re ee molecule consid ot | Biodegradable they pollute rivers. 08% /O% Me 2 eA 
a long hydrocarbon* chain with a functional ¥ tiv bsedlés tentional ch, No Nc, Sct iy chi, Sat 


group” at one end (making that end polar*). The 
non-polar* chain is hydrophobic (repelled by water) 7 
and the polar end is hydrophilic (attracted to Hydrophobic 


) : are better for fabrics than water alone, 


7 There are two main types of washing 
Cx. A typeetdetrdent tie Soap-making factory . powder - those used when hand- 

the sodium or potassium salt* of Y washing clothes (usually ee 

a long-chain carboxylic acid* powders) and those used in washing 
such as octadecanoic acid, see machines. The latter ar ” mostly 
equation. It is made by reacting soapless detergents with other 
animal fats or vegetable oils substances added to keep the lather 
(esters*) with sodium hydroxide down and to brighten the appearance 
or potassium hydroxide solution of the fabric. When they also contain 
(soap made with potassium enzymes’, they are called biological 
hydroxide is softer). The process washing powders, or enzyme 


group” (head end of 
molecule) 






®Washing powders. Soap or soapless 
detergents used to wash clothes. They 

















sie ne detergents. Soapless 
detergents that are broken down by 
bacteria (see biodegradable, page 
210). Foams from non-biodegradable 
detergents cannot be broken down 
and cover the water, depriving life of 







\ 







































Saponification (soap-making) 


1. “@i— Measured amounts of fats* and 
sodium hydroxide or potassium — 
hydroxide solutions are 
continuously fed into a large, — 
hollow, column-like structure. Th: 
column is at high temperature anc 
pressure. Soap and propane-1,. 
triol are formed. 










The propane- 1,2,3-triol is dissolved 
7 in salt water. Then centrifuges 
















. . . . a used to separate soap from " ‘ppv wna by a sia 
of making soap is saponification. Sy vropane-1 2.3-triol tn sai er hee gla help - ha Non-biodegradable foam alls creatures living in water 
Soap molecules form micelles The final part of the process is own proteins* and loosen dirt. 









7 fitting or finishing. Any 

| unreacted long-chain carboxyli¢’ 
acids* are neutralized* with (@ 
alkali. Salt concentration is 
adjusted. Mixture is centrifuged 
to separate out soap. 


in water. Soap produces a scum 
in hard water* whereas 
soapless detergents do not. 
Saponification equation W 


eSurfactants. Substances which lower the surface 
tension“ of water. As a result of this property, 
detergents have many other uses, as well as 
removing dirt. They are used in: 























ae en ro ane 5 ot sodium Be potasaiam salts* of long-chain ci 












Paints, to ensure the pigment is Coainmiics 4 to Suna face powder 
evenly mixed in, and the paint cover well and evenly, and ensure 
) gives a smooth finish and does not Lubricating greases, to make them cosmetic creams mix well with 


drip. gel better. water and thicken properly. 































Washing powder 
is one type of 
















: | Hydrophili 
eMicelle. A spherical grouping of peepee Menecnles oh gee 


Constant motion of washing 





in water end of machine, and attraction of 
detergent molecules in water. — detergent used to detergent head end of detergent 
, ; : remove grease. molecule molecules to water pull off 
Oils and greases dissolve in the 





Grease sticking out of 


grease. 


the detergent and grease. 


hydrophobic centre of the 





Micelles tend to 







O micelle. The picture opposite right le Hydrophobic Micelle formed when keep grease 
: end of detergent molecule grease is pulled off. suspended in 
D. shows how micelles remove grease. Material embedded in grease. solution. 






202 * Carboxylic acids, 195; Esters, 194; Fats, 205 (Lipids); Functional group, 191; Hard water, 207; Hydrocarbons, 191; Neutralization, 


* Benzene ring, 190; Enzyme, 161; Hard water, 207; Hydrocarbons, 191; Ionic compound, 131; Non-polar molecule, 133 (Polar 
145; Non-polar molecule, 133 (Polar molecule); Salts, 153; Surface tension, 23. 


‘molecule); Proteins, 205; Refining, 198; Surface tension, 23. 











energy. 
Carbohydrate gained 
by eating chocolate 


204 





Food 


In order to survive and grow, living organisms need a number of different 
substances. These include the nutrients — carbohydrates, proteins and 
fats (see lipids) — all organic compounds* made by plant 
photosynthesis* and taken in by animals. Also important are the 
accessory foods — water and minerals, needed by both plants and 
animals, and vitamins, needed by animals only. Roughage, or fibre, is 
also needed by many animals to help move food through the gut. 
Different animals need different amounts of these substances for a 
healthy diet. For more about minerals and roughage, see page 329. 


Cereals Some foods containing Carbohydrates. Organic compounds’ of varying 
carbohydrates 3 
complexity — the most complex, made of many 

individual units, being polysaccharides (see starch) 
and the simplest, made of just one unit, being 
monosaccharides. All have the general formula* 

C,.(H20),.. Almost all living organisms use the 
monosaccharide glucose for energy. 


Glucose. A 
monosaccharide (see 
carbohydrates) with the 
molecular formula* 
C,.H)204,, the breakdown 
of which provides energy 
for plants and animals. 
Plants make their own by 
photosynthesis”, storing 
it as starch until it is 
needed. Animals take in 
all forms of carbohydrate, 
break down the complex 
ones to glucose, and store 
this as the polysaccharide 
glycogen. For more about 
glucose, see pages 328-329, 
332-333 and 336-337. 





Sucrose. A disaccharide, i.e. a carbohydrate, 
composed of two monosaccharide units — in this 
case glucose and fructose. It is sweet-tasting, 
often used to sweeten food, and is commonly 
known as sugar. It has the molecular formula 
C,2H,20), and is obtained from sugar cane and 
sugar beet. 


Low carbohydrate level 
means lack of 






or | broken 


XO down into 
glucose and 
fructose, which 
are broken down 
further to give 


energy. 
Simplified equation }>» 
showing energy CoH 0, 60, > 6CO, . 6H,0 - 2630) kJ 
released when Glucose Oxygen Carbon Water Energy 
glucose is broken taken in by dioxide released 
down in the body. respiration by reaction 


(contains sucrose) 


Part of astarch molecule YW 
Glucose unit Glucose unit 


C0 pea) i 


eStarch. A polysaccharide (see 
carbohydrates) which is the storage 
form of glucose in plants. Like 
glycogen (see glucose), it is an 
example of a natural polymer” — the 


monomers” in this case being the 


-—0 
WN 
glucose monosaccharides. Note that \/ Ve H / A . H / \/ 
when these join, water molecules form 


at the links (see condensation , | f | 
polymerization, page 200). efore es these were OH on each Mette 
H,O formed and “lost” into plant tissue. 


* General formula, 191 (Homologous series); Molecular formula, 140; Monomers, 200; Natural polymers, 201; Organic compounds, 
190; Photosynthesis, 209; Polymer, 200. 




















® Amino acids. Compounds whose Glycine (amino acid) 


: There are about 20 
molecules contain a carbon atom difices 4 cas NH, <+— Amino group 
joined to a carboxyl group* and an acids. They all 
amino group*. Proteins are made from \ Grouptanda. : — COOH 
amino acids. See also pages 328-329. carboxyl group’. ee 





Peanuts contain a lot of 
protein, so they are 


. A 
Sart iesiions. ©Proteins. Natural polymers 


made from many amino acid 
monomers” joined together. The 
relative molecular masses* of 
proteins vary from 20,000 to 
several million. They are found 
mainly in meat, dairy food, nuts 
cereal and beans. Animals need 
proteins for growth and repair of 
tissue. See also pages 328-329. 


6. Inthe body, certain enzymes* make new 
proteins by joining amino acids together. 





1. Chewed peanuts go down 
the gullet. The protein they 
contain is digested in the 
stomach and the small 
intestine. 


> 








2. Each protein ; 
consists of many Different coloured 
amino-acid units Squares represent 
(monomers*) ina different amino 


: small 
different order. acids. 


intestine 


3. An enzyme?” inthe stomach breaks down protein 
molecules (long chains called polypeptides) into 

shorter chains (also 

called polypeptides), 








Amino acid 
molecules can 

now be absorbed 
by the body. 







7. The order of the amino acid monomers” ' 
in the new protein chains determines 
the type of protein. This man needs 
a lot of the proteins actin and myosin, 
found in rnuscle (see also page 282). 


4. Anenzyme” in the small intestine 
breaks polypeptides into single amino 
acids or molecules made of two 
amino acids (dipeptides). 


ee 





eVitamins. Organic compounds* on 4 awe of roi who do = i 
. . avitamin— enough vitamin C get 
found in small amounts in food. HO C vitamin C, scurvy. Citrus fruits and 
They are an essential part of the YZ * also called —_ vegetables are the main 
; C c=9 ascorbic sources of this vitamin. 
diet of animals. They are needed ae, acid 

















to help enzymes* catalyse* eae 
reactions in the body. See page 337 HO-— © —-H 
for a list of vitamins. CH,OH 





e@ Lipids. A group of esters’, 
including fats and waxes, found 
in living tissue (fats form a 
reserve energy source — see 
also pages 328-329). Insoluble 
in water but soluble in organic 
solvents*, they are mostly 
solid or semi-solid and made of 
saturated* carboxylic acids’, 
though a smaller group, the oils, 
are liquids and consist mainly of 
unsaturated* carboxylic acids. 





Example of a reaction to make a fat: A 


Palm oil is 
used in soaps, 


Coconut oil is 
used to make 
beauty products. 


* Amino group, 195; Carboxyl group, 195 (Carboxylic acids); Catalysis, 16] (Catalyst); Enzyme, 16]; Esters, 195; Monomers, 200: 
Natural polymers, 201; Organic solvent, 345; Relative molecular mass, 148; Saturated compounds, Unsaturated compounds, |)! 





























Water | Water supply Temporary hardness. One type of 


A molecule of water hardness, caused by the salt* 














Water (H,O) is the most important compound on Earth. It sag nop Wo ) Wis ra. velacens een his calcium hydrogencarbonate dissolved 
is found on the surface and in the atmosphere, and is sisi vee gdn tai iaek Goat come in the water. It can be removed by 
present in animals and plants. Vast amounts of water are \ p" ) oe gases. boiling, producing an insoluble white 
used every day in the home and in industry, e.g. for 5- ‘ | ereea ctu ie ccencens of nak solid (calcium carbonate or “scale”). 
manufacturing processes and the cooling of cherie The molecule is a | water to remove dissolved salts’. It is “Scale” forms in _ 
plants. Water normally contains some dissolved gases, polar molecule’, Gees he dhiiadion* or inn exohance kettles used to boil 
* and pollutants*. See also page 167 een z aig ee 
, ! FOS Reman aoevant ®Purification. The treatment of water to — 
eo Wa Ee. of ba aa e remove bacteria and other harmful ePermanent hardness. The more 
c en 2 arabs * . ie Ee . ee substances, and produce pure water. _ severe type of water hardness, caused 
caused by fades bonds* and means Mud by Can a magnesium salts" 
C cain (sulphates and chlorides) dissolved in 


When water freezes that ice is less dense than water, and that 
and expands in 


by filtering the water. It cannot be removed by 
water expands when it freezes. 


through 


pipes, they crack. soak aneek boiling, but can be removed by 
gravel. distillation* (producing distilled 
Cnsee aid Pure Water) or by water softening (ion 
form clouds. chlorine water exchange or use of water softeners). 


compounds é 
dissolved to kill 
bacteria, then ea E> @Ion exchange. A method of water 


removed. softening (see permanent hardness). 





Rain water is very 


ee f snow and OO Giyy / / se | © Hard water. Water which contains Water is passed over a material such 
a oWved gases . es Wi | a . calcium and magnesium salts’ that as zeolite (sodium aluminium silicate), 
ie. Sam oxide “9 . , , have dissolved from the rocks over which removes calcium and magnesium 
dioxide(which ! a eel 7 Transpiration’ which the water has flowed (see 10ns and replaces them with sodium 
prOcnoes Oca 52l ) Ses ce oo“ eae | (water evaporating : calcium, page 171). Water that does ions. Some organic polymers* are 

"a } | m9 ne not contains these salts is called soft 2lso used as ion exchange materials. 


water. There are two types of Ion exchange 













Hard water ice 
hardness — temporary hardness materi 
aa ceo an Al a (which can be removed relatively aa 
i Dig eh eee SS C—=™ | ; otal 
WW Oca ca - , ae easily) and permanent hardness water (water 
ease fears nan epee ee TRE ee ial ee 





(which is more difficult to remove). 


Hard water does not lather 
with soap and forms a scum. 


removed) 






Atmospheric water @Deliquescent. Describes a substance | 
which absorbs water vapour from the 

air and dissolves in it, forming a 

concentrated* solution. 








Calcium and 
magnesium ions 
replaced by sodium ions. ia | : 

eWater softeners. Substances used to 
remove permanent hardness. They 
react with the calcium and magnesium 
salts* to form compounds which do 
not react with soap. 


® Washing soda. The 
common name forthe Washing f/_4 


hydrate* ofsodium ‘%* eS 
i; 
. f , 
je 










eHumidity. The amount of water 
vapour in the air. It depends on the 
temperature and is higher (up to 4% of 
the air) in warm air than cold air. Calcium E> 





chloride ey 
eHygroscopic. Describes a substance ent a forms a concentrated* 
which can absorb up to 70% of its own : ” solution 
mass of water vapour. Such a substance ®Efflorescent. Describes a crystal 


becomes damp, but does not dissolve. which loses part of its water of 
, crystallization‘ to the air. A powdery 


coating is left on its surface. 






Sodium chloride 
absorbs water ina 
damp atmosphere. 





Soft water lathers easily 
because it does not react-“<« 
with soap to form scum. 





carbonate (see also page 
169). Itisusedasawater ~'; 


‘ 


A white powder 
forms on sodium 
carbonate crystals. 


Ne] N 
ia 








softener in the home. woe deg tah 





: 6 
206 * Acid rain, 210; Concentrated, 144; Condensation, Evaporation, 121; Hydrogen bond, 134; Molecular lattice, 137; Polar molecule, Distillation, 220; Hydrate, 155; Polymers, 200; Salts, 153. 


133; Polar solvent, 144; Pollutants, 210; Respiration, 298; Salts, 153; Water of crystallization, 135. 












Air and burning 


Air is a mixture of gases, including oxygen, carbon dioxide and nitrogen, 
which surrounds the earth and is essential for all forms of life. These 
gases can be separated by the fractional distillation of liquid air*, and 
are used as raw materials in industry. Air also contains some water 
vapour and may contain pollutants* in some areas. 








®Internal respiration. A form of @Photosynthesis. A photochemical 
CONGSEEER Ct AE eSlow combustion. A form of slow combustion in animals. It reaction* in green plants. It involves 
78% nitrogen —— combustion which takes place at low produces energy from the reaction the production of glucose* from 
cennnsiua ail temperature. No flames occur. of glucose* with oxygen. See also carbon dioxide and water, using the 
plant , Respiration is slow combustion. page 332 and respiration, page 298. energy from sunlight. Photosynthesis 
growth is chemically the opposite of 


@F lame. A mixture of heat and light 
energy produced during rapid 
combustion. 


internal respiration. See pages 254-255. 


| 





j<@— Unburnt gas 
Anon-luminous flame Ma 
carbon _ is produced when there > 
dioxide 1S enough oxygen for all 
of the substance to burn. 


21% oxygen 





% noble gases* Glowing particles 











Essential tor Seam Have various cauced when ther ai Seay ia CsH,,0, + 60, 6CO, + 6H,O + ENERGY Energy 
of ell livinas thine produced when there + —_ * +r vy 
a industrial uses is not enough oxygen > Air hole closed cor : : , 6CO, 7 6H,O se CH 12056 + 60, 





Energy produced by reaction of glucose from sun 






for complete combustion. 








eCombustion or burning . An and oxygen Carbon dioxide reacts with water producing glucose, 
exothermic reaction* between a eFuel. A substance which is burned to 
substance and a gas. Combustion produce heat energy. Most fuels used 
usually takes place in air, when the today are fossil fuels, which were 
substance which burns combines with _ formed from the remains of prehistoric 
oxygen. Substances can also burn in animal and plant life. 
other gases, e.g. chlorine. Combustion Wood is the oldest Fossil fuels are clas from 
does not normally happen known fuel. deep under the ground. _ f 
poy PMO my Internal Inte 


respiration of of nitrogen- 


spontaneously. It has to be started by 2 
-denitrifying ee bacteria 


heating (see activation energy, page 
160). 


NA nye ali 


x ah ' | 2 ; 
Nitrates i 
to produce ; es , ,_ Ammonium 


fertilizers. im nCy __ Act 7 Salts in soil 







Natural gas* 
(mainly methane’) ’ 
burns in gas Coal 


cookers producing eCalorific value. A measure of the 
heat for cooking. 

amount of heat energy produced by a 
specific amount of a fuel. The table 
below shows the different values for 
some common fuels. 








CH,(g) + O.(g) —» CO,(g) + 2H,O(g) + ENERGY 


Methane Oxygen Carbon Water for 
from aur dioxide vapour Cooking 






Carbon in 
carbohydrates 









Rapid 
" combustion 
eRapid O. can produce 
combustion. alarge 
‘ : volume of gas 
Combustion in : as well as 
: > heat, This 
which a large causes an 


amount of heat ec ‘@. aaa 
u ry 


~~ « 
— 4m’ 


and light energy 
is given out. 


Heat energy in kilojoules* per gram 





. s ; 
° wi % 


rn Pe ah .n 





* Carbohydrates, 204; Coal, 179; Glucose, 204; Haber process, 180; Oxidation, 148; Petroleum, 198; Photochemical reaction, |(0: 209 


Proteins, 205. 


208 * Anthracite, 179 (Coal); Coke, 179; Exothermic reaction, 147; Fractional distillation of liquid air, 183; Gasoline, 199; Kilojoule, 146; 
Natural gas, 192 (Methane); Noble gases, 189; Petroleum, 198; Pollutants, 210. 








Pollution The reactivity series (showing ten metals — see also page 158) 


Pollution is the release into the land, atmosphere, rivers and oceans, of | 
undesirable substances which upset the natural processes of the Earth. 4 


These substances are known as pollutants. The major sources and types 
of pollution are shown below. 


and nitrogen 









B B e 

— oO TD Oo oD) = w = 

° = o 
252 FESS Ess 88 885 22s 
e . é s . a -_ © — oD) Oo o) "Se © oO ”O — 
@Biodegradable. Describes asubstance eEutrophication. An overgrowth of 3 2 2 B52 x Box a £ S€ 5 go eas 

. . . : — + con ~ e 
which is converted to simpler aquatic plants caused by an excess of : ® m0 

compounds by bacteria. Many plastics nitrates, nitrites and phosphates from = 2 = a oS « 3 § 

. cara : 5 ‘ ~ So “¢€ =e oe 
are not biodegradable (see also fertilizers in rivers. It results ina c6§ 8 FeESSS Bs 5 cE ag 
biodegradable detergents, page 203). shortage of oxygen in the water, 3 st = sez 2 EE 5 Bo £2 5 

e . Pd a f£ a ~~ 
' causing the death of fish. — Pane a 
eSmog. Fog mixed with dust and soot. It : 3 
is acidic because of the sulphur eGreenhouse effect. The trapping of To g a 
dioxide produced when fuels* are solar energy in the atmosphere by S22 § 5 
burnt in industrial cities. carbon dioxide, causing an increase in 2e% 2 & 
WE att niii Bai eile ae iain temperature. The burning of fuels* 
- : oe al ve AEN aE creates more carbon dioxide, making c 58 5 ¢ Bes 
a ~ eee Y the problem worse. See also page 29. = 2% S oes B8Ees 
has a pH* of between 5 and 6, due to o fc © S82. 89852 
. 2 r ; oy DT ‘<a ~ w e 
dissolved carbon dioxide forming ®eThermal pollution. The effect of cores 2 S62ose85ezS 
dilute carbonic acid. Sulphur dioxide releasing warm water from factories : 2 
. . . . . -. 
and oxides of nitrogen, products ofthe and power stations into rivers and S 8 3 = y . 23 3 

‘ . : . PB ss YO=<'fS & oO 
combustion of fuels*, react with water _lakes. This causes a decrease in the OGe ® BSo_ 3588 oo 
in the atmosphere to produce sulphuric oxygen dissolved in the water and css s SPoslsers 5 
and nitric acids with a pH of about 3. affects aquatic life. 

: ” 
Oxides of nitrogen, produced The concentration in the atmosphere of Carbon monoxide, which is 8 5 3 @ 5 c 
by the combustion of fuels’, carbon dioxide, a product of the highly poisonous, is a S25 OBO = =-£ 
contribute to acid rain. Sunlight combustion of fuels*, is gradually product of incomplete a S & oe s 2 
makes nitrogen dioxide react increasing (see greenhouse effect). combustion of fuels*'in OE? IoOEe 2 53 
with oxygen to produce power Stations and Cars. 


poisonous ozone* gas. 


“/ Py ee lt awe onthe ! f " . if : 
«oe a Buried radioactive* ee ete a) 


Sulphur dioxide, aliiaiied by waste will take é 
impurities in fuels", is the thousands of years nf Smog over city : 
a cause of acid rain. to become safe. . ; 


® 
aay 
=] 
3 
— 
br 
s 


decreasing 


Explosive 
reaction to 
hydrogen 
gas and 
salt* 
solution. 
React to 
give 
hydrogen 
gas and 
salt* 
solution 
with 
vigour 
down the 
series 


give 


¢ 
2 
+ 
oO 
Ls} 
® 
ce 





7 Poisonous lead compounds 


yates va << | 
\ me ir “pote, . 7 fromcars which use petrol 
so wi i! ~~. | Ww a * > containing tetraethyl-lead, an 
‘ +t , ah - 4 anti-knock agent’. 


No reaction 
with cold 
water. 
decreasing 
vigour 


dissolves in 
water to 
React with 
decreasing 
vigour 
down the 
series. 
React with 
steam to 
form 
hydrogen 
gas and 
oxide. 
React with 
down the 
series. 
No reaction 
No reaction 


cold water 
form 


React with 
to produce 
hydrogen 
gas and 
hydroxide. 
Hydroxide 
alkaline 
solution. 


® lertilizers c ontaining 
phosphates and nitrates , 
washed into streams and #7 
rivers cause 
eutrophication. 


Reaction 
with water 


Plants are killed and 

buildings eroded by 

acid rain. 
Purification’ 


Burn, when 
heated, to 


form 
on surface. 


decreasing 
heated, but 
form an 

oxide layer 


vigour 
burn when 


Reaction 
strongly 
to form 
oxides. 
Burn with 
down the 
Do not 


Petroleum" spilt " " " plant for 
from ships causes g cleaning 
pollution of water ee water 
and seashores. A ‘is wae 

very small 

amount of oi] can 

poison millions - ie 
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The properties of the elements 


Below is a chart giving information on the physical properties of the elements in the periodic table 
(see pages 164-165). The last eight elements (atomic numbers* 96-103 — see pages 165 and 
226-227 for symbols and names) are not listed, as there is very little known about them — they all 
have to be made under special laboratory conditions and only exist for a fraction of a second. 

All the density measurements below are taken at room temperature except those of gases 
(marked with a t), which are measured at their boiling points. A dash (-) at any place on the chart 
indicates that there is no known value. 


Element 


Actinium 
Aluminium 
Americium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Caesium 
Calcium 
Carbon 


Cerium 
Chlorine 
Chromium 
Cobalt 
Copper 
Dysprosium 
Erbium 
Europium 
Fluorine 
Francium 
Gadolinium 
Gailium 
Germanium 
Gold 
Hafnium 
Helium 
Holmium 
Hydrogen 
Indium 
lodine 
Iridium 

Iron 
Krypton 
Lanthanum 
Lead 
Lithium 
Lutetium 


Symbol 


Ac 
Al 
Am 
Sb 
Ar 
As 
At 
Ba 
Be 
Bi 


Br 
' Cd 
Cs 
Ca 


Ce 
Cl 

Cr 
Co 
Cu 
Dy 
Er 

Eu 


Fr 
Gd 


Ge 


Atomic 
number 


ft 


Approx. 
relative ( 
atomic 
mass | 


Zar 
27 
243 
122 
40 
75 
210 
137 


209 
11 
80 

112 

133 
40 
12 


140 
ooo 
a 
59 
64 

162 

167 

152 
19 

223 

157 
70 
73 

197 

178.5 

4 

165 

1 

115 

127 

192 

56 
84 

139 

207 

7 

175 


on 


g cm 


10.1 
ae 

V1 
6.62 
1.4 Tf 
5.73 


3.51 
1.85 
9.78 
2.34 
3.12 
8.65 
1.9 
1.54 
2.25 (graphite*) 
3.51 (diamond*) 
6.78 
1.56t, 
7.19 | 
87 | 
8.89 | 
8.56 
9.16 
5.24 
1.11t¢ 
7.95 
5.93 
5.4 
19.3 
13.3 
0.147t 
8.8 
0.07t 
7.3 
4.93 
22.4 
7.85 
2.161 
6.19 
11.3 
0.53 





Melting Boiling 
point point 
(°C) co. 
(brackets indicate approximations) 
1050 3200 
‘660 2470 
(1200) (2600) 
630 1380 
—189 —186 
- 613 (sublimes*) 
(302) ~ 
714 1640 
1280 2477 
271 1560 
2300 3930 
—7.2 58.8 
321 765 
28.7 690 
850 1487 
3730 (sublimes*) 4830 
3750 — 
795 3470 
—101 —34.7 
1890 2482 | 
1492 2900 ; 
1083 2595 
1410 2600 
1500 2900 
826 1440 
—22Z0 — 188 
(27) a 
1370 3000 
29.8 2400 
937 2830 
1063 2970 
2220 5400 
—270 —269 
1460 2600 
—259 —252 
157 2000 
114 184 
2440 5300 
1535 3000 
—157 —152 
920 3470 
327 1744 
180 1330 
1650 3330 


9.84 


* Atomic number, 127; Diamond, Graphite, 178; Sublimation, 121. 





Atomic 
number 


Element Symbol 


Magnesium 
Manganese 
Mercury 
Molybdenum 
Neodymium 
Neon 
Neptunium 
Nickel 
Niobium 
Nitrogen 
Osmium 
Oxygen 
Palladium 
Phosphorus 


Platinum 
Plutonium 
Polonium 
Potassium 
Praseodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 


Tantalum 
Technetium 
Tellurium 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium 


Approx. 
relative 
atomic 
mass 


1.74 
la 
13.6 
10.1 
7.0 
12 Tf 
20.4 
8.8 
8.57 
0.808T 
226 
1.15T 
12.2 
1.82 (white*) 
2.34 (red*) 
21.5 
19.8 
9.4 
0.86 
6.78 


15.4 
5 
4.4t 

20.5 

12.4 
1.83 

12.3 
7.54 
2.99 
4.79 
2.35 

10.5 
0.97 
2.62 
2.07 (rhombic*) 
1.96 (monoclinic*) 

16.6 

11.5 
6.2 
8.27 

11.8 
17 
9.33 
7.3 
4.54 
19.3 
19.1 
5.96 
oooet 

6.98 

4.34 
4 

6.49 


Melting 
point | 
(°C) 


650 
1240 
—38.9 
2610 
1020 
—249 
640 
1453 
2470 
—210 
3000 
—218 
1550 
44.2 (white) 
590 (red) 
1769 
640 
254 
63.7 
935 
1030 
1230 
700 
71 
3180 
1970 
38.9 
2500 
1070 
1540 
217 
1410 
961 
97.8 
768 
113 (rhombic) 
119 (monoclinic) 
3000 
2200 
450 
1360 
304 
1750 
1540 
232 
1675 
3410 
1130 
1900 
—112 
824 
1500 
420 
1850 


Boiling 
point 
(°C) 


1110 
2100 
357 
5560 
3030 
—246 
2730 
3300 
—196 
5000 
—183 
3980 
280 (white) 
4530 
3240 
960 
774 
3130 
2730 


1140 
61.8 
5630 
4500 
688 
4900 
1900 
2730 
685 
2360 
2210 
890 
1380 


444 


5420 
3500 
990 
2800 
1460 
3850 
1730 
2270 
3260 
5930 
3820 
3000 
—-108 
1430 
2930 
907 
3580 





* Monoclinic sulphur, 184; Red phosphorus, 182 (Phosphorus); Rhombic sulphur, 184; White phosphorus, 18? (Phoaphorus) 





Naming simple organic compounds 
Simple organic compounds” (those with one or no functional group*) can be named by following Stages 1 and 2. 


Choose the sentence from a) to i) which 


describes the unidentified molecule, then go to the 
Stage 2 number indicated. 


f) The molecule contains carbon, hydrogen 
and a carbonyl group (— CO—) between 
two carbons in the carbon chain. 


g) The molecule contains carbon, hydrogen Gea? 
and a carboxyl group (— COOH). 


h) The molecule contains only carbon and Go to 8 
hydrogen, but has a side chain’. 


a) The molecule contains only carbon and Goto’ 
hydrogen atoms and single bonds”. 


b) The molecule contains only carbon and | Goto 2 
hydrogen atoms and a double bond". 


c) The molecule contains only carbon and | Goto3 
hydrogen atoms and a triple bond”. 


d) The molecule contains carbon, Go to 4 
hydrogen and a hydroxyl group (— OH). 


e) The molecule contains carbon, Go to 5 
hydrogen and a —-CHO group at one end. 


i) The molecule contains carbon, hydrogen | Goto 9 
and one or more halogen* atoms. 










Key to atoms Hydrogen atom 


ae Carbon atom C) As named 


The name of a molecule that contains only carbon and 
hydrogen atoms and has one triple bond* begins with 
the prefix for the number of carbons (see prefix chart, 

page 215) and ends in -yne. For example: 


Propyne W 






















4 | The nanie of a molecule that contains only carbon 
and hydrogen atoms joined by single bonds* begins 
with the prefix for the number of carbons (see prefix 
chart, page 215) and ends in -ane. For example: 



















Methane > 
Ethyne A 






These molecules are all alkynes”. 






4 | The name of a molecule that contains only carbon and 
| hydrogen atoms and one hydroxyl group (-OH) 
begins with the prefix for the number of carbons (see 
prefix chart, page 215) and ends in -anol. For example: 


Methanol Ethanol , 







<q Ethane 












Oxygen 
atom 


If the —OH group is not at one end of the molecule, 
the number of the carbon to which it is attached is 
given in tront of the name. The carbon atoms are 
always numbered from the end of the molecule 
closest to the —OH group. For example: 





Oxygen atom 








These molecules are all alkanes”. 















|2 | The name of a molecule that contains only carbon and 
hydrogen atoms and has one double bond* begins 
with the prefix for the number of carbons (see prefix 
chart, page 215) and ends in -ene. For example: 














Propan-2-ol > 






Propene > 





These molecules are all alkenes". 





These molecules are all alcohols”. 





* Alcohols, 196; Alkanes, 192; Alkenes, 193; Alkynes, 194; Double bond, 132; Functional group, 191; Halogens, 186; Organic 
compounds, Side chain, 190; Single bond, Triple bond, 132. 










5 | The name of a molecule that contains only carbon and 
hydrogen atoms and has a —CHO group ending the 
chain begins with the prefix for the number of carbons 


(see prefix chart below) and ends in -anal. For example: 








Ethanal Propanal , 


Oxygen atom 


6 | The name of a molecule that contains only carbon and 
hydrogen atoms and has a carbonyl group (— CO—) 
between the ends of the carbon chain begins with the 
prefix for the number of carbons (see prefix chart 
below) and ends in -anone. For example: 





Propanone p> 


Butanone p> 


Oxygen 
atom 
These molecules are all ketones”. 

The name of a molecule that contains only carbon and 
hydrogen atoms and one carboxyl group (~ COOH) 
begins with the prefix for the number of carbons (see 
prefix chart below) and ends in -anoic acid. 

For example: 


Methanoic acid ¥ 







Oxygen atom 


Oxygen atom 


Ethanoic acid >» 


These molecules are all carboxylic acids*. 


Chart showing prefixes used to denote the 
number of carbon atoms in a chain. 


Number of 
carbon atoms 
in chain 


Prefix used 


One meth- 


Two eth- 
Three prop- 
Four but- 
Five pent- 
Six hex- 
Seven hept- 
Eight oct- 



















‘These molecules are all halogenoalkanes”’, 


8 | The name of a branched molecule begins with the 


name of the branch (side chain’). If this has only 
carbon and hydrogen atoms, its name begins with the 
prefix for the number of carbons in its chain (see prefix 
chart below) and ends in -yl. The main chain is named 
afterwards in the normal way (see 1). 

For example: 


The methyl group is ——* 
also an example of 
an alkyl group. 
Alkyl groups 
are any groups 
of carbon and 
hydrogen 
atoms that 
havea 
general 
formula* of 
CrHon + - 


<q 3-methy! 
pentane 









The figure at the beginning of the name gives the 
number of the carbon atom to which the side chain is 
joined. The carbon atoms are always numbered from 
the end of the chain closest to the branch. 


9 | The name of a molecule that contains carbon and 


hydrogen atoms and one or more halogens” begins 
with the abbreviation for the halogen(s) — the 
abbreviations for fluorine, chlorine, bromine and iodine 
are fluoro, chloro, bromo and iodo respectively. 

For example: 


Chloromethane W Bromoethane V 


Chlorine aot 
atom cn 
Cl JZ ( 


Bromine 
atom 









The end of the name is that which the molecule would 
have had if all the halogen atoms had been replaced by 
hydrogen atoms (see 1). 


If the halogen is not at one end of the molecule, the 
name includes the number of the carbon atom to which 
itis attached. The carbon atoms are always 

numbered from the end of the chain closest to the 
halogen. For example: 


3-iodohexane W lodine atom 





1-chloro,2-bromopentane Y 


Chlorine 
atom 








Bromine 
atom 





* Aldehydes, 194; Carboxylic acids, 195; General formula, 191 (Homologous series); Halogenoalkanes, 195; Halogens, |, 


Ketones, 194; Side chain, 190. 
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CaC0,() + HClaq) — CaClfaq) + 00) + O0,(9) 


carbonate acid chloride dioxide 





The laboratory preparation of six gases 


Methods for preparing six gases — carbon dioxide, chlorine, hydrogen, ethene, nitrogen and 
oxygen — are described below. 


Preparing carbon dioxide V 
Carbon dioxide (see page 179) Gas jar 
is obtained from the reaction of Dilute hydrochloric 


hydrochloric acid with calcium 
2 | A acid ee 
Thistle funnel 


Delivery tube Carbon 
ur dioxide 


carbonate (marble chips). 


A gas jar filled with water is placed 
on the beehive shelf over the 
mouth of the delivery tube. Gas \ F | 
produced by the reaction comes 
out of the delivery tube and 
displaces the water in the gas jar. 
This method of collecting a gas is 
called collecting gas over water. 


Flat-bottomed 


flask a 


27 fs Bie Pe Lee 


Calcium Hydrochloric Calcium Water Carbon 


Marble chips Beehive shelf 


Chiorine (686 page 187) is prepared 
by oxidizing* concentrated Concentrated 
hydrochloric acid using hydrochloric f Mn0,(s) + 4HClaq) MnCl(ag) + Ca) + #,0() 


manganese(IV) oxide. This reaction acid ; 
is always done in a fume cupboard. 7 a aie or —— ) Chlorine Water 
acl , conde 


Preparing chlorine YW 


Tap funnel 


The gas produced by the reaction 
contains some hydrogen chloride 
and water. The hydrogen chloride Senccael 

is removed by passing the stream bettered 
of gas through water and the water foci 

is removed by passing the gas 
through concentrated sulphuric 
acid. Finally the chlorine is 
collected in a gas jar. It displaces 
air from the gas jar as it is heavier. 
This method of gas collection is 
collecting a gas by upward 
displacement of air. 


/ Delivery tube iH A 


Chlorine 


Manganese(IV) Concentrated sulphuric acid Gas jar 
oxide (dehydrating agent”) 


Preparing ethene 
v Concentrated 


ee 
Tap funnel ~——S ; CH () ¥ H0(} 
Ethene Water 


Concentrated 


sulphuric acid Delivery tube 


Ethene (see page 193) is prepared 

Ethene by dehydrating (removing water 

from) ethanol by reacting it with 

Gas (35 concentrated sulphuric acid. 
jar we Aluminium sulphate is added to 
Round sf reduce frothing. The buffer flask 
bottomed Conical _ ensures that any sodium 
flask flask  @ s hydroxide sucking back out of its 
Zl | flask does not mix with the acid. 
The sodium hydroxide 

Ethanol — removes acid fumes from 
9 the gas. Ethene 

is collected over 
| | water (see 
Sodium hydroxide Beehive shelf carbon dioxide 
solution above). 





Trough 
Buffer flask 


* Dehydrating agent, 344; Oxidation, 148. 





Preparing hydrogen W 


Dilute hydrochloric acid An(s) a dHCl(aq) She anCl(aq) r Hg) 
Zinc Hydrochloric Zinc Hydrogen 
oe acid chloride 
Ase Delivery tube 
Hydrogen (see page 167) is 
obtained from the reaction of 


| A ] Hydrogen hydrochloric acid with granulated 
zinc. 


Flat- 
bottomed . ee A little copper(ll) sulphate is usually 
flask ee added to speed up the reaction. 
The hydrogen is collected over 
water (See carbon dioxide, page 
Water 216) unless dry hydrogen is 
needed, in which case it is passed 
Trough through concentrated sulphuric 
acid and is collected by the 
coe displacement of air (it 
. Beechi pushes the air down out of the gas 
Granulated REREA oo . oe ; sind : jar as it is lighter than air). ’ 
zinc 


VW Preparing nitrogen 


CO,(g) + 2NaQH(aq) > Na,CO,(aq) + H,0() 
Sodi 


um Water 


Nitrogen (see page 180) is 
prepared by removing the carbon 
dioxide and oxygen from air. A 
residue of noble gases* remains in 
the nitrogen. The carbon dioxide is Carbon Sodium 
removed by passing the air through dioxide hydroxide 
sodium hydroxide solution. 


Copper 

The oxygen is removed by 
passing the air over heated 
copper: Air 
Heat 


0g) + 2dCu(s) — 2Cu0(s) Delivery 


tube 
Oxygen Copper — Conical flask : | 
oxide 


Trough 


The nitrogen is collected over 
bean ee Se Sodium hydroxide Beehive | - 


solution shelf 


Preparing oxygen W - et 
anganese 


qHOjaq) = SHO) + 0,69) 


Hydrogen Water xygen 
peroxide 


Hydrogen peroxide 


Tap funnel 


Delivery tube 
Oxygen Oxygen (See page 183) is produced 
when hydrogen peroxide 
Fc decomposes. Manganese(IV) 
_ Gas jar oxide is used as a Catalyst* to 
speed up this reaction. The gas is 
collected over water (See carbon 
Flat-bottomed _ Water dioxide, page 216) unless it must 
flask (. be dry, in which case it is passed 
 e through concentrated sulphuric 
acid and is collected by the 
upward displacement of air (see 
chlorine, page 216). 


Manganese(!V) Beehive shelf 


oxide 





* Catalyst, 161; Noble gases, 189. 
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Laboratory tests 


Various different tests are used to identify substances. Some of the tests involve advanced 
machinery, others are simple laboratory tests and all are known collectively as qualitative 
analysis. Some of the more advanced tests are shown on page 222; these two pages cover simple 
laboratory tests leading to the identification of water, common gases, a selection of anions* and 
cations” (i.e. components of compounds) and some metals. 

The appearance or smell of a substance often gives clues to its identity — these can be confirmed 
by testing. If there are no such clues, then it is a matter of progressing through the tests, gradually 
eliminating possibilities (it is often a good idea to start with a flame test). Often more than one test 
is needed to identify an ion (anion or cation), as only one particular combination of results can 
confirm its presence (compare the tests and results for lead, zinc and magnesium). 


Tests for water (H,O) 


Add to anhydrous’ copper(I!) sulphate. 
Add to anhydrous” cobalt(II) chloride. 





Results 











White copper sulpnate.powder turns blue. 
Blue cobalt(Il) chloride turns pink. 








Tests to identify gases 
co an es Pe ee ees 
Pass into limewater (calcium hydroxide 
dioxide solution). 
ee ee 
[onsen [0 


Put a glowing splint into a sample of the gas. | Splint relights. 
Tests for anions* 


These tests are used to identify some of the anions* found in compounds. 


fee Geel a ai 


Bromide Add silver nitrate solution to a solution of Pale yellow precipitate, dissolves slightly in 
substance in dilute nitric acid. 


ammonia solution. 
Carbonate 


Chloride 


Hydrogen- 
carbonate 
























a) Add dilute hydrochloric acid to the Carbon dioxide gas given off. 


substance. 
















Dissolves and turns the indicator purple. 


b) Try to dissolve the substance in water 
(Compare hydrogencarbonate test.) 


containing universal indicator* solution. 





Thick white precipitate dissolves in 
ammonia solution. 


Add silver nitrate solution to a solution of 
substance in dilute nitric acid. 






















Carbon dioxide gas evolved. 





a) Add dilute hydrochloric acid to the 
substance 
















Dissolves and green indicator solution 
turns purple when boiled. 


Yellow precipitate, does not dissolve in 
ammonia solution. 
Brown ring forms at the junction of the two 
liquids. 
White precipitate, does not dissolve in 
dilute hydrochloric acid. 
Add barium chloride solution to the solution. |White precipitate, that dissolves in dilute 
hydrochloric acid. 
Add lead(Il) ethanoate solution to the Black precipitate 


solution. 


b) Try to dissolve the substance in water 
containing universal indicator” solution. 








Add silver nitrate solution to a solution of 
substance in dilute nitric acid. 










Add iron(II) sulphate solution followed by 
concentrated sulphuric acid to the solution. 












Add barium chloride solution to the solution. 
3 











* Anhydrous, 155 (Anhydrate); Anion, Cation, 130; Universal indicator, 152. 








Flame tests 


|Metal Symbol Flame colour 
Barium Yellow-green 


Tests for cations* 


Most cations* in compounds can be identified 
by the same flame tests as those used to 
identify pure metals (See page 222 for how to 
carry out a flame test). The chart on the right 
gives a selection of flame test results. Cations 
can also be identified by the results of certain 
reactions. A number of these reactions are 
listed in the chart below. They cannot be used 
to identify pure metals, since many metals are 
insoluble in water and hence cannot form 
solutions. 


C 
Cc 


cithium [| 


Li 





Cation Symbol 
c) Compare with lead, see tests below. 


Al**+ —_|a) Add dilute sodium hydroxide solution toa | White precipitate that dissolves as more 
solution of the substance. sodium hydroxide solution is added 
b) Add dilute ammonia solution to a solution | White precipitate that does not dissolve as 
of the substance. more ammonia solution is added. 
NH,* |Add sodium hydroxide solution to a solution | Ammonia gas is given off, it has a 
of the substance and heat gently. distinctive choking smell. 
Calcium Ca?t fa) See flame test 
b) Add dilute sulphuric acid to a solution of 
the substance. 


Copper'l) Cu2* ja) See flame test — 
b) Add dilute sodium hydroxide solution toa_ |Pale blue precipitate that dissolves as more 
solution of the substance. sodium hydroxide is added. 
c) Add dilute ammonia solution to a solution {Pale blue precipitate, changing to deep blue 
the substance. solutions as more ammonia solution is added, 


Fe?+ = |{a) Add dilute sodium hydroxide solution toa_ |Pale green precipitate formed. 
solution of the substance. 
b) Add dilute ammonia solution to a solution {Pale green precipitate tormied. 


White precipitate formed 


of the substance. 


of the substance. 


Lead(Il) Pb*t+ = {a) Add dilute sodium hydroxide solution toa _|White precipitate that dissolves as more 
solution of the substance. sodium hydroxide solution is added. 
b) Add dilute ammonia solution to a solution {White precipitate that does not dissolve as 
of the substance. more ammonia solution is added. 
c) See also flame test to distinguish meee inteteerenrnnaserepoeneneemenan 
between lead and aluminium 


a) Add dilute sodium hydroxide solution toa |White precipitate that does not dissolve as 


Fe®* =a) Add dilute sodium hydroxide solution toa |Red-brown precipitate formed. 
solution of the substance. 
b) Add dilute ammonia solution to a solution |Red-brown precipitate formed. 


solution of the substance. more sodium hydroxide solution is added. 


b) Add dilute ammonia solution to a solution {White precipitate that does not dissolve as 
of the substance. more ammonia solution is added. 


a) Add dilute sodium hydroxide solution toa {White precipitate that dissolves as more 
solution of the substance. sodium hydroxide solution is added. 


b) Add dilute ammonia solution to a solution |White precipitate that dissolves as more 
of the substance. ammonia solution is added. 


* Cation, 130. 
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Investigating substances 


The investigation of chemical substances involves a variety of different techniques. The first step is 
often to obtain a pure sample of a substance (impurities affect experimental results). Some of the 
separating and purifying techniques used to achieve this are explained on these two pages. A 
variety of different methods are then used to find out the chemical composition and the chemical 
and physical properties of the substance (qualitative analysis) and how much of it is present 
(quantitative analysis). For more information, see also pages 218-219 and 222. 


Beaker 


\ Liquid 


® Decanting. The 
process of 
separating a liquid 
from a solid that 
has settled, by 
pouring the liquid 
carefully out of the 

Settled container. 


solid 


Two methods of filtering: e Filtering. The 


process of 
separating aliquid 
and a solid by 
pouring the 
mixture through a 
fine mesh. The 
mesh (usually filter 
paper) only lets 
liquid through. 


Filter paper 


NE Filter funnel 


Liquid and 
solid mixed 


Filter paper 
Buchner funnel 


Filtrate >— Suction, caused 
a by vacuum. 


Buchner flask 


Filtering through a Buchner funnel is the faster 
method, as the low pressure in the flask sucks the 
liquid rapidly through the filter paper. 


Lid is always 
shut when 
centrifuging. 


e Centrifuging. The 
process of 
separating 
different 
substances mixed 
in a liquid by 
spinning the test 
tube containing the 
liquid at high 
speed ina 
centrifuge (see 
picture). Particles 
of different masses 

Balancing tube Sample before collect at different 

always needed. spinning places in the test 

Contains about (mixture ofa tube, the heaviest 

the same solid and a substance 

amount of liquid) collecting at the 

substance, bottom. 


Centrifuge 


Liquid. This is 
decanted to 
separate it from the 
solid. 


After spinning —— 


Solid 


© Distillation. The process of separating a mixture of 
liquids, or a liquid from an impurity, by heating. The 
vapour of the liquid with the lowest boiling point 
comes off first and is condensed back to a liquid in a 
Liebig condenser (see picture). 


Thermometer to measure temperature, 
so it can be maintained for each 
| ' successive boiling point. 


Water out 


a, , Liebig condenser 


Round- 
bottomed 
flask 


oa ; 
pee Cold water in 


Distillate (liquid 
removed by 
distillation) 


Thermometer to measure temperature 
(see above). 


Fractionating column 
Water out 


— j Liebig 
hd . 7s condenser 


Ps 
ri 
* 


Constant condensation™y 

on to glass beads and re- § 
evaporation from them 

means great accuracy in 
collecting one substance Cold 
before the other. water 


J 
in 
Round-bottomed flask 
2° First liquid to 
ses” ~~ Mixture of liquids come off has 


with close boiling lowest boiling 
points. point. 
Heat 


e Fractional distillation. A distillation process which 
separates two or more liquids with close boiling 
points, using a fractionating column. The vapour of 
the liquid with the lowest boiling point reaches the top 
of the column first. Small columns are used in 
laboratories (See picture). Other columns are much 
larger and have many points at which different 
vapours are condensed and collected (See also pages 
183 and 198). 





e Solvent extraction. The 
process of obtaining a solute 
by transferring it from its 
original solvent* to one in 
which it is more soluble, and 
from which it can be easily 
removed. It is a method of 
separation often used when 
the solute cannot be heated, 
and makes use of a particular 
property of the solvents, i.e. 
whether they are polar or 
non-polar solvents*. Ether 
extraction is an example. 


* 


Water (polar solvent”) 
containing solute* with 
non-polar molecules”. 


e Chromatography. 
The process of 
separating small 
amounts of 

Strip of blotting substances from a 

paper mixture by the 

suspended in __ rates at which they 
solvent*,e.g. | move through or 
ethanol. along a medium 

(the stationary 

phase, e.g. 

blotting paper). 

Most methods of 

chromatography 

involve dissolving 
the mixture ina 
solvent* (the 
eluent), though it is 
vaporized in gas 
chromatography. 

Substances move 

at different rates 

because they vary 
X\ Separated in their solubility* 

Original spot components of and their attraction 

of mixture mixture to the medium. 


There are several methods of chromatography, 
including column chromatography (components in 
the mixture are separated in a column containing a 
solvent and a material that attracts molecules) and 
gas chromatography (vaporized mixture is separated 
as it passes along a heated column in a stream of gas). 


Paper chromatography 


Glass tank 


Spot of mixture 


Standard tables identify 
substances by R; value - distance 
moved by substance over distance 
moved by solvent. 


After removing from tank 


Distance moved Solvent 
by solvent front 


© Desiccation. The 
process of 
removing water 
mixed with a 
Solid substance, or 
substance water of 
tobedried _ crystallization* 
from a substance. 
Solids are often 
dried in large glass 
desiccators that 
contain a drying 
agent* such as 
silica gel. Water is 
removed from 
most gases and 
liquids by bringing 
them into direct 
contact witha 
drying agent, e.g. 
anhydrous* 
calcium chloride 
(which absorbs the 
water and, in the 
case of liquids, is 
then filtered off). 


Desiccator 


Drying agent* not in contact 
with solid. Absorbs moisture 
from air, causing water to 
evaporate from solid. 


Gas mixed 
with moisture 


Drying agent’, 
e.g. anhydrous* 
calcium chloride 


Ether (non- 
polar solvent’) 
added, mixture 
shaken. 


Layers allowed 
to separate. 


Ether now contains solute 
(polar molecules" 

of water attract 

each other, 

non-polar 

molecules stay 

together). 


Water run off 


Ether (very volatile”) 
evaporates at room 
temperature, leaving pure 
sample of solute. 


Solution of substance heated 
gently and substance added 
until no more dissolves (it has 
become a saturated* 
solution). 


Saturated solution cools. 


Crystals form 
as solution cools. 


solution. 


, ’ 
ae Contents of beaker filtered to 
| | separate crystals from 


Crystallization. The process of forming crystals from 
a solution, which can be used to produce a pure 
sample of a substance, as the impurities will not form 
crystals. To make pure crystals, a hot, saturated* 
solution of the substance is cooled and the crystals 
formed on cooling are removed by filtering. See also 
page 135. 


Measuring the melting point 


<—— Thermometer 


Thin- 
walled 
glass 
melting 
point tube 


Bath of liquid 
paraffin 


“s Beaker heated 
Sample . a_«slowly and bath kept 
solid —amwueweme at aneven 
temperature by 
constant stirring. 
When solid melts, 
temperature is 
Heat recorded. 


@ Melting point and boiling point tests. Tests used to 
determine the purity of a sample. A pure sample of a 
substance has a particular Known melting point and 
boiling point, and any impurities in a sample will alter 
these measurements. 





* Anhydrous, 155 (Anhydrate); Drying agent, 344; Non-polar molecule, 133 (Polar molecule); Non-polar solvent, Polar solvent, 
Saturated, 144; Solubility, 145; Solute, Solvent, 144; Volatile, 345; Water of crystallization, 135. 
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Qualitative and quantitative analysis : Apparatus 





There are two types of analysis used to investigate substances: qualitative analysis — any method Apparatus is chemical equipment. The most common items are described and illustrated below 
used to study chemical composition — and quantitative analysis — any method used to discover how and on pages 224-225. Simple 2-D diagrams used to represent them are also shown, together with 
much of a substance is present in a sample. Below are some examples of both types of analysis. approximate ranges of sizes. 

‘ is . ‘ . as @ Delivery tube. A tube used to carry 
Qualitative analysis Quantitative analysis @ Beaker. Used to hold liquids. Shows | Condensers gases. W 
Below are some example of qualitative analysis. The Below are some examples of quantitative analysis. approximate volume. ; @ Liebig condenser. Used to 





condense vapours. Vapour passes 
through the central channel and is 
cooled by water flowing 


flame test and the tests on pages 218-219 are See also mass spectroscopy. 
examples of qualitative analysis used in schools. The 
other methods described are more advanced. 










































































© Volumetric analysis. A Burette* 
e Flame test. Used to identify metals. A substance is method of determining the > ee 
collected on the tip of a clean platinum or nichrome concentration of a solution distillation, 
wire. This is held in a flame to observe the colour using titration. This is the page 220 Possible 
with which the substance burns (see also page 219). addition of one solution into Possible lengths: 
Between tests, the wire is cleaned by dipping it in another, using a burette*. The capacities: ; 5-17 cm 
concentrated hydrochloric acid and then heating concaitt alee ot ote solution Solution A 5-5000 ml s 2 rr, Length: 
strongly. oe eiperr= reer tears nner So ossible af A346 © Desiccator. A glass container 
Hot bunsen flame added from the burette until lengths: Ss used to dry spits. It contains a 
Jf Change of the end point, when all the © Beehive shelf. Usedtosupporta | 29-50.cm drying agent*. See desiccation, 
ww flame second solution has reacted. gas jar* while gas is being Ne A page 221 
— FP colourwhere | The volume of solution from collected by the displacement of e 
|t)} substance the burette needed to reach Tap water. For examples of its use, see : 
ys Ginas burning — — gen} iscalled the titre. pages 216-217. W Water 
platinum is, the volume of solution in circulates 
wire the flask and the known , in outer 
concentration of one solution Conical flask —_ 75cm tube. 
are used to calculate the containing a fy diameter 
concentration of the second measured vee 
solution. > volume of relat sh 
e Mass W Mass spect t een ini ? 
pectrometer in inner 
spectroscopy. A tube. » 
method of \s a Vaporized sampie Apparatus 4 : 22.0 cm diameter 
investigating the of substance used for A @ Evaporating basin. Used to holda 
composition of a sais. titrations - @ Reflux condenser. Used to ‘solution whose solvent’ is being 
substance, in High energy electrons return vapour to aliquid separated from the solute’ by 
particular the om to eae” ® Grover analysis. A method of determining the to prevent loss by evaporation. evaporation (often using heat). W 
isotopes” it the substance. amount of a substance present by converting it into e : : 
contains. It is also The positive ions | another substance of known chemical composition bene ids bl pascal sg @ Crucible. ae a oe 
usedasamethod Electron pass into an | thatis easily purified and weighed. W adjustable air-hole allows some ae feste Sarostly ae in ~ . 
of quantitative gun ete field . : c control of the flame temperature. If furnace or over a bunsen burner. 
analysis as it whic Gravimetric analysis can be the hole is closed, the flame is They are made of porcelain, silica 
involves measuring accelerates used to measure the amount yellow and cooler than the blue fi ‘ ickel teel 
the relative them. of lead in a sample of water — - flame produced a ee 
eco of \ containing a lead salt. - . when the hole .- 
a agne ee J is open. See 
molecules in the — Possible 
substance. The ii a ti pape reenter BOB. pase 7s capacities: 
apparatus used is a — ye ine. tons dichromate , 12.5 50-500 mi 
called a mass = = aa erry (K2Cr,07) is cm : : 
spectrometer. y added to a Possible e Filter paper. Paper which acts as 
detector different amounts. known volume of diameters: _¥ a sieve, only allowing liquids 
e Nuclear magnetic resonance (n.m.r.) water. Heat 2.5-5.5 cm through, but no solid matter. Filter 
spectroscopy. A method used for investigating the A a : paper is graded according to how 
position of atoms in a molecule, Radio waves are SS © Crystallizing dish. Used to hold finely it is meshed, i.e. the size of 
passed through a sample of a substance held V, e Burette. Used to add accurate solutions which are being particle it allows through. It is put 
between the poles of a magnet. The amount of volumes of liquid during titrations | evaporated to form crystals. The in a filter or Buchner funnel* to 
absorption reveals the positions of particular atoms ae : (see volumetric analysis, page flat bottom helps to form an even give support as the liquid passes 
within a molecule. This information is presented ona A yellow precipitate* is 222). W0 layer of crystals. W through, and the solid settles on 
graph called a nuclear magnetic resonance (n.m.r.) formed. This is removed by q Possible the paper. See filtering, page 220. 
spectrum. © filtering®. | | | | capacities: Fibre Vv 
Rial a ~ sia ik oil caaht | 100-2000 ml Mesh of fine creeeariers anaes 
netic resonance spectrum of ethano 4 , SEH 
wr Cl 1,CH,O1 ) . The precipitate is then washed, q Possible co oer ST Ath 
dried and weighed accurately. | capacities: conaa times. PES EH 
-§ | 10-100mI yUmes. = SBBe aR 
oe | eed Mesh of coarse 
as The concentration ofthe _ | filter paper, 
DD ‘ A lead in the sample of water is a magnified 
as calculated from the volume many times. 
Peak Peaks Peaks of water, the weight of lead | 
showing an showing a showing a chromate and the relative Holes between fibres allow tiny | 
-OH group) = -CHb»- group -CH, group atomic mass* of lead. particles to pass through. 





222 * Burette, 223; Ethanol, 196; Filtering, 220; lonization, 130; Isotope, 127; Precipitate, 145; Relative atomic mass, 138. * Buchner funnel, 224; Drying agent, 344; Filter funnel, Gas jar, 224; Solute, Solvent, 144. 
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Flasks 

@ Buchner flask. Used when liquids 
are filtered by suction. See WV 
filtering, page 220. 


Possible capacities: / ae - " 
250-1000 ml —* Nf ¥ 

@ Conical flask. Used to hold liquids 
when carrying out reactions and 
preparing solutions of known 
concentration. They are used in 
preference to beakers when it is 
necessary to have a container that 
can be stoppered. They have 
some volume markings but these 
are not as accurate as the 
markings on a pipette or burette”. 


= 7 





Possible capacities: 
25-2000 ml ~—— ~ 
@ Flat-bottomed flask. Used to 
hold liquids when carrying out 
reactions where heating is not 
required (the flask stands on the 
work-bench). W 


Possible capacities: 
100-2000 ml 


@ Round-bottomed flask. Used to 
hold liquids, especially when 
even heating is needed. Volume 
markings are approximate. 

Itis held in position above the 
flame by aclamp. >» 


Possible capacities: 
100-2000 mi ———-*" 


® Volumetric flask. Used when 
mixing accurate concentrations of 
solutions. Each flask has a volume 
marking which is very exact and a 
stopper so that it c pa be shaken to 


mix the solution. "ll 


Possible capacities: 
10-2000 ml 





e@ Gas jar. Used when collecting and 
storing gases. The jar can be 
sealed, using a glass lid whose rim 
is coated with a thin layer of 
grease. See pages 216-217. W 


® Fractionating p 
column. Used to 
separate 
components of a 
mixture by their 
boiling points. It 
contains glass 
balls or rings that 
provide a large 
surface area and 
thus promote 
condensation and 
re-evaporation. 

See fractional 
distillation, page Possible 


990). lengths: 
15-36 cm 


@ Fume cupboard. A glass panelled 
cupboard that contains an extractor 
fan and encloses an area of work- 
bench. Dangerous experiments 
are done in a fume cupboard. 





Possible 
heights: A 
15-30 cm 





@ Gas syringe. Used to measure the 
volume of a gas. It is used both to 
receive gas and to inject gas intoa 
reaction vessel. ¥ 


Funnels 


© Buchner funnel. 
Used when liquids 
are filtered by 
suction. It has a flat 
perforated plate, on 
which filter paper* 
is placed. See 
hth page 220.» 


Possible 
capacities: 
50-500 mi¢ 






e Tap funnel. For 
adding a liquid 
to a reaction 
mixture drop by 
drop. See 

<q pages 216-217. 


@Filter funnel. 
Used when 
separating solids 
from .. by 
filtering (see 


Capacity: 100 ml —-7 


@ Gauze. Used to spread the heat 
from a flame evenly over the base 
of an object being heated. Made of 
iron, steel, copper or ceramics. W 


Length: 12.5 cm 


page 220). Filter 
paper” is put inside ¢ 
the funnel. > 


Length 
30 cm — 


2X dqetThistle funnel. 


Used when 
adding a liquid 
to a reaction 
mixture. 
Possible Quy 
rah ities: 5 
-500 ml 


® Separating funnel. 
Used when 
separating 
immiscible* 
liquids. First the 
denser liquid 
is run off, then 
the less 
dense. See b 
solvent 
extraction, page 221. 


@ Measuring cylinder. Used to 
measure the approximate volume 
of liquids. W 


Possible capacities: 


95-2000 ml 
Pe as 





* Burette, Filter paper, 223; Immiscible, 145 (Miscible). 





e Pipeclay triangle. Used to 
support crucibles* on tripods 
when they are being heated. They 
are made of iron or nickel-chromium 
wire enclosed in pipeclay tubes. Ww 


Length: 
7 21cm 


Pipettes 


@ Pipette. Used to 

dispense accurate 

volumes of liquid. 

They come in 

different sizes for 

different volumes. 

The liquid is run out 

of the pipette until 

its level has ia 

dropped from one es 

volume marking to po 

the next. > yr‘ 
Possible 
capacities: 
1-100 ml 


Possible 
capacities: 


= J 1-2ml 

qe Dropping pipette 
or teat pipette. 
Used to dispense 
small volumes or 
drops of liquid. It 
does not provide 
an accurate 
measurement. 


® Stands and clamps. Used to hold 
apparatus In position, e.g. round- 
bottomed flasks. Y 







Possible 
lengths: 
50-100 cm 


®@ Spatula. Used to pick up small 
quantities of a solid. W 





* Bunsen burner, Crucible, 223. 





Possible 









lengths: 10-20 cm 


@ Test tube holder. Used to holda 
test tube, e.g. when heating it ina 
flame, creating a chemical reaction 
within it, or transferring it from one 
place to another. W 





@Test tube rack. Used to hold 
many test tubes upright. W 





@Thermometer. Used to measure 
temperature. They are filled either 
with alcohol or with mercury, 
depending on the temperature 
range for which'they are intended. 


Vv 


Small 
temperature 
range: 

-10 to 50'C 






set code So ateg Soe k * este ad 





Large 
temperature 
range: 
-10 to 400’C 


to) 


@ Tongs. Used to move hot objects. 


Vv 





@ Top pan balances. Used for 
quick, accurate weighing. W 









@ Trough. Used when collecting gas 
over water (See carbon dioxide, 
page 216). The water contained in 
a gas Jar inverted in the trough is 
displaced into the trough. Troughs 
are also used when substances 
such as potassium are reacted 
(see picture, page 169). 9” 







Possible 
diameters: 
20-30 cm 


® Tripod. Used with a pipeclay 
triangle or gauze when heating 
crucibles’, flasks, etc. VW 


Length: 21cm 


Tubes 

® Boiling tube. A 
thick-walled tube 
used to hold 
substances being 
heated strongly. >» 


Fai 


Possible 
length: 
12.5.6 


Test tube. A 
tube used to 
hold 
substances 
for simple 
chemical 
reactions not 
involving 


strong heating. » A 


Possible length: 7.5 cm 


Ignition tube. 

A disposable 

tube used to 

hold small 

quantities of 
substances 

being melted 

or boiled. 

Possible length: 5.0 cm 





® Watch glass. Used when 
evaporating small quantities. 









Possible diameters: 5-15 cm 
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, ; 5 Methanoic acid Molybdenum Lead(IV) oxide 
Below is a comprehensive list of all the symbols and formulae found in the chemistry section of this HI Hydrogen iodide Pb(OC2Hs)4 Tetraethyl-lead 
book. Each one is listed next to the name of the substance it stands for (the substances themselves HNO, Nitrous acid N/N2 Nitrogen Pb(OH)2 Lead(II) 
can be found in the main index on pages 346-384). Capital letters come alphabetically before small Nitric acid N2O Dinitrogen oxide hydroxide 
ones, i.e. each element is kept together with its compounds. For example, CH3OH (methanol —a seiiicoin N20, mies ie PbS Galena 



























































































































































carbon compound) is found in an alphabetical list after C (carbon), before the Ca (calcium) list begins. Hf Hafnium -NH, Amino group Pd Palladium 
Hg Mercury NH.(CH.),.NH2 1,6-diamino- Pm Promethium 
HgS Cinnabar hexane Po Polonium 
. Holmium NH, Ammonia Pr Praseodymium 
3Ca3(PO,)2.CaF, Apatite 1,2-dibromo- (NH.)2SO, Ammonium Pt Platinum 
oe ethane Copper(l) oxide lodine sulphate Pu Plutonium 
Actinium Vinyl chloride CuCl Copper(I) In Indium NH,Cl Ammonium 
; 3 Methyl group chloride Iridium chloride Radium 
Silver Propyne CuCl. Copperiil) NH,OH Ammonia Rb Rubidium 
Silver bromide But-1-yne chloride K Potassium solution Re Rhenium 
Silver chloride CH,CH,CH.CH.OH Butan-1-ol CuCO,.Cu(OH). Malachite K,CO, Potassium NH,NO, Ammonium Rh Rhodium 
Silver iodide Propan-1-ol (CuFe)S. Copper pyrites carbonate nitrate Rn Radon 
Silver nitrate Propanal (Cu(NH,),)SO, Tetraammine K,Cr20, Potassium NO Nitrogen Ruthenium 
a Chloroethane copper(il) dichromate monoxide 
Aluminium Propanoic acid sulphate K,SO, Potassium NO. Nitrogen dioxide | S Sulphur 
Aluminium Ethanol Cu(NO;)2 Copper(Il) nitrate sulphate SO, Sulphur dioxide 
hydroxide — Sodium ethoxide] CuO Copper(Il) oxide K,SO,.Al.(SO,)3 Aluminium Na Sodium Sulphur trioxide 
Aluminium oxide Ethanal CuSO, Copper(Il) potassium Na,CO, Sodium 
Bauxite CH3;CHOHCH,; Propan-2-ol sulphate sulphate- carbonate Antimony 
Aluminium CH;Cl Chloromethane | CuSO,.3Cu(OH), Basic copper 12-water Na,CO,.10H,0 Washing soda Sc Scandium 
sulphate CH3;COCH.CH,; Butanone sulphate KBr Potassium Na,SO, Sodium sulphite | Se Selenium 
%. CH3;COCH; Propanone bromide Na,SO, Sodium sulphate 
Americium CH,COOCH.CH, Ethyl ethanoate | D Deuterium KCI Potassium Na.AIF, Cryolite Silicon 
Argon Ethanoic acid DO Deuterium oxide chloride NaAl(OH), Sodium SiO. Silicon dioxide 
Arsenic Methyl amine KI Potassium aluminate 
Astatine . Methoxy- Dysprosium iodide NaBr Sodium bromide | Sm Samarium 
Gold methane KMnO, Potassium NaCl Sodium chloride | Sn Tin 
Methanol Erbium permanganate | NaClO, Sodium chlorate Strontium 
Boron _ Methane Einsteinium KNO,; Potassium NaHCO, Sodium 
Boron oxide ~ Ethyne Europium nitrate hydrogen- Tritium 
Boron trichloride] C Carbon KOH Potassium carbonate Ta Tantalum 
Barium ' monoxide F/F. Fluorine hydroxide NaHSO, Sodium Tb Terbium 
Barium chloride Carbonyl group | -F Fluoro group hydrogen- Tc Technetium 
Beryllium — Carbon dioxide Kr Krypton sulphate Te Tellurium 
Bismuth Carboxyl group | Fe Iron Krypton fluoride | NalO,; Sodium iodate Th Thorium 
Berkelium (COOH). Ethanedioic acid] Fe20, Haematite NaNO, Sodium nitrite Ti Titanium 
Bromine COOH(CH;2),COOH Hexanedioic Fe,03.xH,O Rust Lanthanum NaNO; Sodium nitrate | TI Thallium 
Bromo group acid FeClz lron(Il) chloride La,O; Lanthanum NaOCl Sodium Tm Thulium 
FeCl, lron(lil) chloride oxide hypochlorite 
Carbon Calcium Fe(OH); lron(IIl) NaOH Sodium Uranium 












Lithium hydroxide 


Ethyne Calcium hydroxide 






Ethene phosphate FeS lron(Il) sulphide Li,N Lithium nitride Vanadium 
Bromoethane Calcium chloride] FeSO, lron(Il) sulphate LiCl Lithium chloride | Nb Niobium V20; Vanadium 
Propanal Calcium LiOH Lithium Nd Neodymium pentoxide 


Ne Neon 






Chloroethane carbonate Fm Fermium hydroxide 


Propanoic acid |CaCO,.MgCO, Dolomite Fr Francium WwW Tungsten 











Ethanol CaF, Fluorospar Lawrencium Ni Nickel 
Ethane Ca(HCO,). Calcium Ga Gallium Lu Lutetium i Nickel sulphide | Xe Xenon 
Propyne hydrogen- Gd Gadolinium Lawrencium XeF, Xenon 






No Nobelium tetrafluoride 


Propene carbonate Ge Germanium q 
Neptunium 


Propanone CaO Calcium oxide 
Propan-1-ol Ca(OH). Calcium H/H. Hydrogen 


Mendelevium 










Yttrium 














































Propane hydroxide HCO, Carbonic acid g Magnesium 0/02 Oxygen Yb Ytterbium 
But-1-yne CaSiO, Calcium 2 Water MgCl. Magnesium O3 Ozone 
But-1-ene metasilicate | H.O. Hydrogen chloride -OH Hydroxyl group {| Zn Zinc 
Butan-1-ol CaSO, Calcium peroxide MgCO, Magnesium ZnCl, Zinc chloride 
Butane sulphate HS . Hydrogen carbonate Os Osmium ZnCOz Calamine 
Pent-1-ene CaSO,.2H,O Gypsum sulphide MgO Magnesium OsO, Osmium ZnO Zincite/ 
Pentane H.S.O0, Fuming oxide tetroxide Zinc oxide 
Ascorbic acid Cadmium sulphuric acid Mg(OH). Magnesium Zn(OH)2 Zinc hydroxide 
Glucose ; Cerium H.SO, Sulphurous acid hydroxide P Phosphorus Zn(OH)Cl Basic zinc 
Hexane Californium H2SO, Sulphuric acid MgSO, Magnesium P20; Phosphorus chloride 
Heptane Chlorine HPO, Phosphoric acid sulphate pentoxide ZnS Zinc blende | 
Octane Chloro group HBr Hydrogen ZnSO, Zinc sulphate | 
Nonane Curium bromide Manganese Protactinium 
Sucrose Cobalt HCI Hydrogen MnCl. Manganese(IV) Zr Zirconium 
C,7H3;;COOH Octadecanoic Cobalt(II) chloride/ chloride Pb Lead 
acid chloride Hydrochloric MnO. Pyrolusite/ Pbl, Leadi(II) iodide 
CCl, Tetrachloro- Chromium acid Manganese(IV) 


Pb(NO3)2 Leadi(Il) nitrate 
PbO 


oxide Lead(Il) oxide 





226 methane Caesium Methanal 
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General 


232 Living things and their The skeleton 
environment Joints and bone 

234 Within an ecosystem Muscles 

236 Life and life cycles Teeth 

238 The structure of living things Blood 

240 Cell division The circulatory system 
The heart 
Tissue fluid and the lymphatic 
system 

Plants The digestive system 

Glands 

The respiratory system 

The urinary system 

The central nervous system 

The units of the nervous 


242 + #@Vascular plants 

244 Stems and roots 

246 _—s Inside an older plant 
248 Leaves 


250 Types of leaf system 


251 Plant sensitivity Nerves and nervous pathways 
252 ~=s Plant fluid transportation The skin 


254 Plant food production The eyes 

256 Flowers The ears 

298 Reproduction in a flowering The reproductive system 

‘ie ae eae 318 Development and reproduction 
260 Seeds and germination General 


262 ~=—Fruit/Vegetative reproduction . 
320 Types of reproduction 


322 Cell division for reproduction 
324 Genetics and heredity 
- 327 Fluid movement 
Animals 328 Food and how it is used 
The body structure of animals 330 Metabolism 
Animal body coverings 332 Energy for life 
Animal movement 333 Homeostasis 
Animal feeding 334 Hormones 
Animal respiration 336 Digestive juices and enzymes 
Animal excretion 337 Vitamins and their uses 
Animal senses and 338 Plant classification 
communication 340 Animal classification 
Animal reproduction and 342 Informal group terms 
development 


We are grateful to the North East London Polytechnic for 
permission to illustrate their experimental procedure (page 331). 


About biology 


In this book, biology is divided into four main colour-coded sections, followed 
by a black and white section of general material relating to the whole subject. 


Yellow section 
Ecology and living things 


Botany Black and white section 


General material — covers subjects 

Zoology (animals) which relate to all living things. 
Includes tables of general information 
and classification charts. 


Zoology (humans) 


Biology is the study of living things. It examines the structures and internal 
systems of different organisms and how these operate to sustain individual life, 
as well as looking at the complex web of relationships between organisms which 
ensure new life is created and maintained. The areas covered by the four 
different colour-coded sections are explained below. 


Biology 


Ecology and living Zoology section 
things section. Looks (animals). Examines 
at the complex the component parts, 
relationships between systems and behaviour 
all living things, and typical of the major 
their basic cellular animal groups other 
structure. than humans. 


Botany section. Covers Zoology section 

the plant kingdom -— the (humans). Covers all 
different types of the major terms of 
plant, their. human biology. In many 
characteristics, cases, these also apply 
internal structures and to the vertebrates in 
systems. general (see page 341). 
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Living things and their environment 


The world can be divided into a number of different regions, each with its 
own characteristic plants and animals. All the plants and animals have 
become adapted to their own surroundings, or environment (see 
adaptive radiation, page 237), and their lives are linked in a complex 
web of interdependence. The environment is influenced by many 
different factors, e.g. temperature, water and light (climatic factors), the 
physical and chemical properties of the soil (edaphic factors), and the 
activities of the living things (biotic factors). The study of the relationships 
between plants, animals and the environment is called ecology. 


®Biosphere. The layer of the earth 
(including the oceans and the 
atmosphere) which is inhabited by 


TT HGH 








HH 


Key to biomes 


living things, bounded (above) by the 
upper atmosphere and (below) by the 
first layers of uninhabited rock. 






Tundra. Very cold and windy. EA) Deciduous forest. Summers FF) Grassland / savannah. Main 
Commonest plants: lichens* and warm, winters cold. Dominant plants: grasses, but savannah (with 
small shrubs. Animals include musk plants: deciduous* trees, e.g. more rainfall) also has trees. 

Ox. beech. Many animals, e.g. foxes. Typical animals: giraffe. 


BF coniferous forest. Low 


temperatures all year. Dominant 

plants: conifers’, e.g. spruce, 

Commonest large animals: dee arumals, e.g. exotic birds. 
Other areas 


[J Ice 


eBiomes. The main ecological regions 
into which the land surface can be 
divided. Each has its own characteristic 
seasons, day length, rainfall pattern 
and maximum and minimum 
temperatures. The major biomes are 
tundra, coniferous forest, deciduous 


[J Scrubland (maquis) 


* Conifers, 339; Deciduous, 236; Lichens, 342 (Symbionts). 


Fr] Tropical forest. High 
temperatures all year, heavy 
rainfall. Great variety of plants and 


S| Desert. High temperatures 
(cold at night), very low rainfall. 
Dominant plants: cacti. Animals 
include camels, scorpions. 


a Mountains 


forest, tropical forest, temperate 
grassland, savannah (tropical 
grassland) and desert. Most are 
named after the dominant vegetation, 
since this determines all other living 
things found there. Each is a giant 
habitat (macrohabitat). 










River and 










home of a group of livin 
things or a single living” 
thing. Small habitats can 


be found withinlarge = PRT 
Community. The group 


habitats, e.g. a river 

in the deciduous 

forest biome. Very small 
specialized habitats are 
called microhabitats, 
e.g. a rotting tree. 








field 





insects, field mice etc. 











®Ecological niche. The 
place held in an 
ecosystem by a plant or 
animal, e.g. what it eats 
and where it lives. 
Gause’s principle states 
that no two species can 
occupy the same niche 
at the same time (if they 
tried, one species would 
die out or be driven off). 
For example, both the 
curlew and the grey 
plover can be found (in 
the winter months) living 


* Deciduous, 236. 


_.. riverside habitats 


Ecological succession in a disused 


Pioneer community (first community) of grasses, with 





Successional community (intermediate community) 
of shrubs and bushes, with rabbits, thrushes, etc. 





Climax community of deciduous” trees, e.g. oak and 
beech, with foxes, badgers, warblers, etc. 








Ecosystem 
includes 
environment,, 4. } 










Members of 
community 





‘community of plants 
and animals in a given 
- habitat, together with 
- their environment. An 
ecosystem is a self- 

contained unit, i.e. the 


plants and animals 















+ 





of plants and animals 
found in one habitat. 


They all interact with interact to produce all 
each other and their the material they need 
environment. (see also pages 234-235). 





eEcological succession. A process 
which occurs whenever a new area 
of land is colonized, e.g. a forest 
floor after a fire, a farm field which is 
left uncultivated or a demolition site 
which remains unused. Over the 
years, different types of plants (and 
the animals which go with them) will 
succeed each other, until a climax 
community is arrived at. This is a 
very stable community, one which 
will survive without change as long 
as the same conditions prevail (e.g. 
the climate). 


























birds survive inthe same 
general area. 


around the estuaries of 
Britain, and eating small 
creatures such as worms 
and snails. However, 
they actually occupy 
different niches. Curlews 
wade in the shallows, 
probing the river bed for | 
food with their long 
beaks. Grey plovers, by 
contrast, wait on the 
shore and pick their - 
food off the surface 

(their beaks are too short 
for probing). Hence both_ 


Curlew probing below 
water (long, curved 
beak) 















aap te 
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Simple food 
web Vv 






















Within an ecosystem 


An ecosystem consists of a group 
(community) of animals and 
plants which interact with each 
other and with their environment to 
produce a self-contained 
ecological unit. 






@ 4 Humans 
Foxes ° » 


Partridges 


thei, : Ai 
\ EY 
ea , 


eFood web. The complex network of 
food chains in an ecosystem. Each 
food chain is a linked series of living 
things, each of which is the food for the 
next in line. Plants make their food 
from non-living matter by 
photosynthesis” (they are 


autotrophic) and are always the first a 
members of a chain. Animals cannot 
make their own food (they are 





Earthworms 


heterotrophic) and so rely on the 
food-making activities of plants. 


Generalized food chain, 
showing trophic levels 


Tertiary consumers or 
third order consumers 





Pr 
fy YP. “ 









1) Omnivores, e.g. 
humans, eat plant and 
animal matter. They are 
thus placed on trophic 2) Many carnivores, e.g. 
level T2 at some times foxes, will eat both 

and on T3 (or T4) at herbivores and smaller on trophic level T3 at some 
others. carnivores. They are thus times and on T4 at others. 


Pyramid of 
eTrophic level or energy "umbers 
level. The level at which Number of 
2 : individuals 
living things are rn 
positioned within a food trophic 


chain (see food web). At “ 












material can be obtained 
ih T3 from eating the cow (the 
part it used to build its 
own new tissue). This 
loss of energy means 


each successive level, a —_ that the higher the 

amid of 4 ‘ 
great deal of the energy- biomass trophic level, the fewer 
giving food matter is lost. {ise , the number of animals, 


For example, a cow will pyramid of 


numbers) 


since they must eat 


break down well over 6 T2 progressively larger 
half of the grass it eats (to Mics: amounts of food to obtain 
provide energy).Hence — enough energy. This 
only a small part of the level (decrease is less extreme than principle is called the 
original energy-giving ahove, since animals a higher pyramid of numbers. 


levels tend to be larger). 


* Community, 233; Photosynthesis, 254. 




















oe CARBON DIOXIDE IN THE ATMOSPHERE 


- Used © 
p in ‘ 







Produces 













fe 
. Internal 
respiration” 
by plants and 
animals 





Photosynthesis* 
(manufacture of 
carbohydrates by 










Produces 


Living animal 
matter 
(carbohydrates 
and proteins) 








~ Production 
of 





waste matter 





Combustion 





















of fuels # Living plant matter containing carbon 
produces (carbohydrates Dead matter and 
and proteins) waste containing 





containing carbon 


®Carbon cycle. The 
constant circulation of 
the element carbon EOE E\ ae) respiration* by 
through living things hee» | decomposers (tiny 
dth h Tigh ae, 1 living things, e.g. 
ana t te atmospnere. > bacteria), causing 
see diagram. 





Carbon in fossil 
fuels (fuels made of 
fossilized 
prehistoric plants), [/ 
e.g. coal, oil, natural Pf. » 
gas 
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Internal Non-living 


respiration* ocemahaig compounds of Internal respiration* 
by bacteria eieate sal vis ammonia by decomposers (tiny 
called Pp (containing living things, e.g. 


(nitrates) in 


: nitrogen) in soil or 
7 soil or water 


water 


bacteria), causing 
process of decay. 


denitrifying 
bacteria 





Non-living nitrogen | 
“| compounds 
(nitrites) in soil or 
water 


Nitrogen fixation 
(internal 
respiration* by 
nitrogen-fixing 
bacteria and blue- 
green algae). 
Bacteria found in 
soil (or water) or in 
swellings (root 
nodules) on roots 
of leguminous 
plants, i.e. plants 
producing 
legumes”. 


























respiration* by 
| bacteria called 
nitrate bacteria | 
— | respiration* by 
bacteria called 
nitrifying bacteria 














eNitrogen cycle. The constant 
circulation of the element 
nitrogen through living things, 
the soil and the atmosphere. 
see diagram. 





* Internal respiration, 332; Legume, 262; Photosynthesis, 254. 














Life and life cycles 


All living things show the same basic characteristics of life. These are 

respiration, feeding, growth, sensitivity (irritability), movement, excretion 
and reproduction. The life cycle of a plant or animal is the progression : 
from its formation to its death, with all the changes this entails (in some eM 


Life styles 












The world has a vast 
diversity of living things, 
each one with its own 
style of life. This situation 
is a result of adaptive 
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cases, these are drastic — see metamorphosis, page 277). Below are seasonally from one Aidtion "hehe ‘ i 2 ie 
some terms used to group plants and animals together according to their region to another. This ee ae Sieh wena ecard 
5 os feet things can be grouped become established in 
life cycle, or to describe characteristics of certain life cycles. _ normally involves _ togietine aeeneinite siedeasiie sehecationis 
; Delphini ' leaving a AhSs Ht WINLSE shared characteristics, because those creatures 
Perennials. Plants “ ¢ Deciduous. A term to find food elsewhere, either by formal with them are the most 
which live for many 5 ¥« describing perennials and returning in the © classification, based likely to survive long 













spring to breed. 
Migration is part of the 


whose leaves lose their 
chlorophyll* and fall off 


years. Herbaceous 
perennials, e.g. 


mainly on their structural enough to breed (and 
similarities (see charts, perpetuate the 



















delphiniums, lose all the at the end of each ) life cycle of many pages 338-341) or by adaptation). This is the 
parts above ground at growing season, e.g. animals, especially ankin tnebinal basis of Darwin's theory 
the end of each growing beeches. a =%S%qi... groupings, based on of natural selection, 
season, and grow new *vcroreen. A temm : 7 aN - general life styles (see (also called Darwinism), 
shoots at the start of the dusebing paseuntals 4 list, page 342). first expounded in the 
next. Woody perennials, which do not shed their ( mid-nineteenth century. 


e.g. trees, produce e Adaptive radiation or 
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ee . Model Mimi 
new growth (secondary ae ee his a, evolutionary a” a 
tissue*) each year g g oe ae eh S “4. adaptation. The gradual 
a a be a . 
from permanent stems. e Ephemeral. Living for a — Y¥ process which has 






Eri] ate i - ; 
“= Dermousein’ produced many different 


hibernation ~~ forms of living thing from 
one prehistoric starting 
point. Each has become 
specialized, i.e. has 
evolved the best form to 
cope with its Wasp (protected Conops 
environment, e.g. — a tee 
streamlined shapes for 


we 
emai 4 






very short time. 
Ephemeral plants are 
found in places which 
are hot and dry for most 
of the year (or for many 
years). The right 
growing conditions do 
not exist for long, so they 


@Biennials. Plants which 
live for two years, e.g. 
carrots. In the first year 
they grow and store up 
food. In the second they 
produce flowers and 
seeds, and then die. 






@ Dormancy. A period, or 
periods, of suspended 
activity which is a natural 
part of the life cycle of 
many plants and animals. 
Dormancy in plants 
occurs when conditions 

















e Annuals. Plants which must grow and produce ’ re sia 
live for one year, e.g. seeds in a very short | are unfavourable for swimming and flying. oMimicry. special type 
marigolds. In this time time. The only truly growth (normally a 2 a adaptation, in which a 
they grow from seed, ephemeral animals are WIG) St ue _— DAR es Se ue 
roduce flowers and mayflies. Their adult life dormancy usually occurs <<‘ aeanaing mimic) has developed a 
» because of food scarcity, ee resemblance to another 


span is between a few 
minutes and one day. 


seeds, and then die, plant or animal (the 


model). This is used 
especially for protection © 
(e.g. many unprotected 

7 insects have adopted the 
Many living things have colouring of those with 


and is either called 
hibernation or 

{ aestivation. Hibernation 
is dormancy in the 
winter (typical of many 
animals, e.g. some 





Marigold 


eHerbaceous. A term 
describing plants which 
do not develop 
secondary tissue” 
above the ground, 1.e. 






eAnadromous. A term 
describing fish which 
live in the sea but swim 
upriver to breed, e.g. 










they are “like a herb”, as © salmon. This isaformof ®& ~ mammals*), and also developed stings), but also for other 
distinct from shrubs and migration, and the aestivation is dormancy protective adaptations reasons (bee orchids are 
trees (woody opposite is catadromous * in drought conditions — protective measures mimics for reproduction 









perennials). (going from river to sea). <. (occurs mainly in insects). suchasthorns or poison purposes -— see page 259). 





236 * Chlorophyll, 255 (Pigments); Secondary tissue, 246. * Mammals, 341. 
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The structure of living things 


A living thing capable of a separate existence is called an organism. All 
organisms are made up of cells — the basic units of life, which carry out all 
the vital chemical processes. The simplest organisms have just one cell 
(they are unicellular or acellular), but very complex ones, e.g. humans, 
have thousands or even millions. They are multicellular and their cells 
are of many different types, each type specially adapted for its own 
particular job. Groups of cells of the same type (together with non-living 
material) make up the different tissues of the organism, e.g. muscle tissue. 
Several different types of tissue together form an organ, e.g. a stomach, 
and a number of organs together form a system, e.g. a digestive system. 


The parts of a cell 


Despite the fact that cells can look very 
different, they are all made up of the 
same basic parts. Each of these parts 
has a specific role to play. 


e Cell membrane. Also called the 


plasma membrane or plasmalemma. 
The outer skin of a cell. It is 
semipermeable”, i.e. selective about 
which substances it allows through. 


Animal cell W 
(cut away) 














Cell 
membrane 


Cytoplasm Nucleus 


eCytoplasm. The material where all the 


chemical reactions vital to life o¢cur 
(see organelles). It generally has a 
jelly-like outer layer and a more liquid 
inner one (see ectoplasm and 
endoplasm — picture, page 268). 


The cell membran 
nucleus and cytopla 
(all living matter) make 
up the protoplasm. 


Vacuole 







Plantcel YW oe 


(cut away) Vacuole 





cellulose, only 


@Nucleus (pl. nuclei). The cell’s control 


centre. Its double-layered outer skin 
(nuclear membrane) encloses a 
jelly-like fluid (nucleoplasm or 
karyolymph), which contains one or 
more nucleoli* and the genetic 
material DNA’. This is held in 
chromosomes* — bodies which forma 
threadlike mass called chromatin 
when the cell is not dividing. 


@Vacuoles. Fluid-filled sacs in the 


cytoplasm. They are small and 
temporary in animal cells, and either 
remove substances (see Golgi 
complex) or contain fluid brought in 
(see pinocytosis, page 327). Most 
plant cells have one large, permanent 
vacuole, filled with cell sap (dissolved 
minerals and sugars). 


* Chromosomes, 324; DNA, 324 (Nucleic acids); Nucleoli, Plastids, 240; Semipermeable, 327. 


Cell wall (made of 


Plastids* found in plant cells) 


eLysosomes. Round 








Organelles 


The organelles are tiny bodies in the 
cytoplasm. Each type (listed below 
and on page 240) has a vital role to play 


in the chemical reactions within the cell. | 


®Ribosomes. Tiny round Vacu 


particles (most are attached to 
the endoplasmic reticulum). 
They are involved in building 
up proteins from amino acids 
(see page 328). “Coded” 
information (held by the DNA 
in the nucleus) is sent to the 
ribosomes in strands of a 
substance called messenger 
RNA (mRNA). These pass on 
the “codes” so that the 
ribosomes join the amino 
acids in the correct way to 
produce the right proteins. Cell 


RNA* is present inatleasttwo | membrane “ 


other forms in the cells. The 
ribosomes are made of 
ribosomal RNA (see 
nucleoli*) and molecules of 
transfer RNA (tRNA) “carry” 
the amino acids to the 
ribosomes. 


sacs containing 
powerful enzymes”. 
They take in foreign 
bodies, e.g. bacteria, 
to be destroyed by 
the enzymes. Their 
outer skins do not 
usually let the 
enzymes out into the 
cell (to break down its 
contents), but if the 
cell becomes 
damaged the skins 
disappear and the 
cell digests itself. 


* Enzymes, 331; Nucleoli, 240; RNA, 324 (Nucleic acids). 


Animal cell (showing the 
organelles in the cytoplasm) 






Nucleolus 


The mitochondria, 
centriole and 
nucleolus are 
defined overleaf. 


®Golgi complex. Also called 
a Golgi apparatus, Golgi 
body or dictyosome. A 
special area of smooth ER. 
It collects and distributes 
the substances made in the 
cell (e.g. proteins and 
waste from chemical 
reactions). The substances 
fill the sacs, which gradually 
swell up at their outside 
edges until pieces “pinch 
off’. These pieces 
(vacuoles) then travel out 
of the cell via the cytoplasm 
and cell membrane. 


Endoplasmic 
reticulum 
(smooth ER) 





Nucleus 
(double membrane 

i cut away). 
raticdian © Nucleoplasm and 
(rough ER) chromosomes not 
a shown. 





Endoplasmic 


reticulum or ER. A 
complex system of 
flat sacs, folding 
inwards from the cell 
membrane and 
joining up with the 
nuclear membrane 
(see nucleus). It 
provides a large 
surface area for 
reactions or fluid 
storage, anda 
passageway for fluids 
passing through. ER 
with ribosomes on its 
surface is rough ER. 
ER with no ribosomes 
is smooth ER. 





























240 


Cell division 


Cell division is the splitting up of 
one cell (the parent cell) into two 
identical daughter cells. There are 
two types of cell division, both 
involving the division of the 
nucleus* (Karyokinesis) followed 
by the division of the cytoplasm* 
(cytokinesis). The first type of cell 
division (binary fission) is 
described on these two pages. It 
produces new cells for growth and 
also to replace the millions of cells 
which die each day (from damage, 
disease or simply because they are 
“worn out”). It is also the means of 
asexual reproduction” in many 
single-celled organisms. The 
second, special type of cell division 
produces the gametes* (sex cells) 
which will come together to forma 
new living thing. For more about 
this, see pages 322-323. 


Organelles (continued) 


outside the nucleus” in 
animal cells. Each lies ina 
dense area of cytoplasm” 
(centrosome) and is made 
up oftwotiny cylinders, ‘ 
forming a T-shape. Each 
cylinder is made up of nine 
sets of three tiny tubes 
(microtubules). Centrioles 
are vital to cell division. 








Microtubule 
Mitochondrion 


x 


e Mitochondria (sing. 
mitochondrion) or 
chondriosomes. Rod- 
shaped bodies witha | 
double layer of outer skin. 
The inner layer forms a 
series of folds (cristae, 
sing. crista), providing a 
large surface area for the 
vital chemical reactions 
which go on inside the 
mitochondria (called the 
“powerhouses” of a cell). They are the 
places where simple substances taken 
into the cell are broken down to 
provide energy. For more about this, 
see aerobic respiration, page 332. 








‘Cristae 


e Mitosis. The division of the nucleus* 
when a plant or animal cell divides for 
growth or repair (binary fission). It 
ensures that the two new nuclei 
(daughter nuclei) are each given the 
same number of chromosomes” (the 
bodies which carry the “coded” 
hereditary information). Each receives 
the same number as were in the 
original nucleus, called the diploid 
number. Every living thing has its own 
characteristic diploid number, i.e. all 
its cells (with the exception of the 
gametes*) contain the same, specific 
number of chromosomes, grouped in 
identical pairs called homologous 
chromosomes. Humans have 46 
chromosomes, in 23 pairs. Although 
mitosis is a continuous process, it can 
be divided for convenience sake into 
four phases. Before mitosis, however, 
there is always an interphase. 


eNucleoli (sing. nucleolus).  yucteolus 
One or more small, round 
bodies in the nucleus”. 
They produce the 
component parts of the 
ribosomes” (made of 
ribosomal RNA), which 
are then transported out of 
the nucleus and assembled 


in the cytoplasm". Plastid 
(chloroplast* ) 


\ / 
y 






ePlastids. Tiny bodies in 
plant cell cytoplasm”. 
Some (leucoplasts) store 
starch, oil or proteins. 
Others — chloroplasts* | 
contain chlorophyll* (used “| 
in making food). 


* Asexual reproduction, 320; Chlorophyll, 255 (Pigments); Chloroplasts, 255; Chromosomes, 324; Cytoplasm, 238; Gametes, 321, 
Nucleus, 238; Ribosomes, 239. 


Metaphase 


e Interphase. The periods between cell divisions. Interphases are very active 


periods, during which the cells are not only carrying out all the processes needed 
for life, but are also preparing material to produce “copies” of all their 
components (so both new cells formed after division will have all they need). Just 
before mitosis begins, the chromatin” threads inthe nucleus” also duplicate, so 
that, after coiling up, each chromosome” will consist of two chromatids (see 
prophase). 


Phases of mitosis (only two chromosomes* shown — 


humans have 46) 
Telophase 











Centrioles New nuclei 










fy Cleavage 
>. 4 furrow 
Centromere__s f {if ' Nuclear 
/ | (see membrane* 
cytokinesis) 


. Radiating 
protein fibres 

’ called astral Daughter 
rays or 
asters. 


(pair of 
chromatids) chromosomes 


(before uncoiling New 


centrioles 


The spindle fibres and astral rays disappear and a new 
nuclear membrane“ forms around each group of 
daughter chromosomes. This creates two new nuclei* 
(daughter nuclei), inside which the chromosomes 

* uncoil to once again form a threadlike mass 
(chromatin*). The centrioles also duplicate, so that a 
pair will be found in each new cell (after cytokinesis). 


The threads of chromatin* in the nucleus”* coil up to 
form chromosomes” and the nuclear membrane* 
disappears. Each has already duplicated to form two 
identical coils (chromatids), joined by a small sphere 
(centromere). The two centrioles move to opposite 
poles of the cell. 







Spindle fibres Cytokinesis Animal cell (mitosis complete) 
forming 
spindle 





Cytoplasm* 


Chromosom Centromere Cleavage furrow divides, two new 


(pair of constricts cells formed 
chromatids) ae: 
Plant cell (mitosis complete) 
; . Middle 
The centrioles (at opposite poles) project protein fibres lamella 







called spindle fibres which join together and forma 
sphere, or spindle. The chromosomes” (paired 


formed, 
new cell |. 





chromatids) move towards its equator and become | walls* 
attached by their centromeres to the spindle fibres. built up 
along it 


Cytoplasm” divides. | 


eCytokinesis. The division of the 
cytoplasm” of a cell, which forms two 
new cells around the new nuclei* 







Centromere 


petit - created by mitosis (or meiosis*). In 
iri : ft ja animal cells, a cleavage furrow forms 
around the cell’s equator and then 
Spindle constricts as a ring until it cuts 


completely through the cell. In plant 
cells, a dividing line called the middle 
lamella forms down the centre of the 
cell, and a new cell wall” is built up 
along each side of it. 


The centromeres duplicate and the two chromatids 
from each pair (now called daughter chromosomes) 
move to opposite poles of the spindle, seemingly 
“dragged” there by the contracting spindle fibres. 


“ Cell wall, 238; Chromatin, 238 (Nucleus); Chromosomes, 324; Cytoplasm, 238; Meiosis, 322; Nuclear membrane, 238 (Nucleus). 241 : | 
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e Vascular tissue. Special tissue which section 


Young stem, or 

























Vascular plants ere ee 
. astem.W bundle 
With the exception of simple plants suchas algae Cambium, fag) 


OS, 


and fungi (see classification chart, pages 338-339), if 
all plants are vascular plants. That is, they all have 
a complex system of special fluid-carrying tissue 
called vascular tissue. For more about how the 
fluids travel within the vascular tissue, see pages Puce™ > 
202-203. All vascular plants are classified within Xylem N 
the Division Tracheophyta (see page 339). 


Longitudinal p> 


Cortex 


runs throughout a vascular plant, 
carrying fluids and helping to support 
the plant. In young stems, it is normally 
arranged in separate units called 
vascular bundles; in older stems these 
joinuptoformacentralcore(vascular = G.os- section 
cylinder™*). In young roots, the v = 
arrangement of the tissue is slightly 
different, but a central core is also 
formed later. For more about the 
vascular tissue in older plants, see 
page 246. The vascular tissue is of two 
different types — xylem and phloem. 
They are separated by a layer of tissue 
called the cambium. | 


The first vascular 

tissue formed bya 

new plant is primary 
tissue. The xylem is 
primary xylem and the 
phloem is primary phloem. 







ao amuens 
ae age 


Constituents of vascular tissue 


® Xylem. A tissue which carries ‘Sectionofa ets 


vascular bundle 

water up through a plant. It is > 
made up of vessels, with long i 
Xylem —p : 


thin cells (fibres) providing 
support between them. In older 
stems, the central xylem dies 
away and its vessels become | 
filled in, forming heartwood". 


® Phloem. A tissue which i 
distributes the food made inthe 
leaves to all parts of the plant. It 
consists of sieve tubes, with , 
special companion cells runnifig Phloem ————4 
beside them and other cells 
packed around them for support. 
The companion cells are thought 
to transport fluids. 


Cambium +a 


Sieve tube 


Sieve plate 


* Heartwood, 247; Vascular cylinder, 246. 























VW Young root, or 


Pp ai young part of 
) _ , a root. 






section 


LE Endodermis 


Xylem 


nay Pe ala 


<> Cortex 


Phloem 


<@- Epidermis 


Root a 


cap* 


® Vessels or tracheae (sing. trachea). 
Long tubes in the xylem which carry 
water. Their walls are strengthened 
with a hard substance called lignin. 
They consist of chains of cells whose 
walls and protoplasm” have died. 


® Sieve tubes. Long columns of cells in 
the phloem. Their nuclei* and 
protoplasm* have been lost but their 
interconnecting walls have remained. 
These are called sieve plates and 
have tiny holes in them to allow 
substances to pass through. 


® Cambium. A layer of narrow, 
thin-walled cells between the xylem 
on the inside and the phloem on the 
outside. The cells are able to divide, 
making more xylem and phloem. Such 
an area of cells is called a meristem”. 









<q Longitudinal 








Other tissues in 
vascular plants 






® Epidermis. A thin surface layer 
of tissue around all parts of a 
plant. In some areas, especially 
the leaves, it has many tiny holes, 
called stomata”. In older stems, 
the epidermis is replaced by 
phellem”. In older roots, it is first 
replaced by exodermis* and 
then by phellem. 












e Cuticle. A thin outer layer ofa 
waxy substance called cutin, 
produced by the epidermis 
above ground. It prevents too 

much water being lost. 














® Cortex. A layer of tissue just 
inside the epidermis of stems 
and roots. It consists mainly of 
parenchyma, a type of tissue 
with large cells and many air 
spaces. In some plants there is 
also some collenchyma, a type 
of supporting tissue with long 
thick-walled cells. The cortex 
tends to get compressed and 

replaced by other tissues as a 

plant gets older. 

















® Endodermis. The innermost 
layer of root cortex. It contains 
special passage cells. Fluids 
which have seeped in between 
the cortex cells, instead of 
through them, are directed by the 

passage cells into the central 

area of vascular tissue. 












® Pith or medulla. A central area 
of tissue found in stems, but not 
usually in roots. It is generally 
only called pith once the stem has 
developed a vascular cylinder’. 
It is made up of parenchyma, 
like the cortex, and is sometimes 
used to store food. 















* Exodermis, 245 (Piliferous layer); Meristem, 244; Nucleus, 238; Phellem, 247; Protoplasm, 238; Root cap, Root hairs, 245; Stomata, 


249; Vascular cylinder, 246. 


Stems and roots 


The stem and roots of a plant are its main supporting structures, as well as 

being important in transporting fluids (see pages 242-243 and 252-253). 

Their various parts are listed here. For more about the development of the 
-gtem and roots as a plant gets older, see pages 246-247. 


© Meristem. Any area from which new growth arises. 
The cells of a meristem are able to divide, producing 
new cells. A meristem found at the tip of the root (the 
growing point) or the stem (part of a terminal bud) 
is known as an apical meristem. 


e Bud. A small 
outgrowth on a stem. 
It develops either into 
a new shoot ora 
flower. 


Stem attachments 


@ Shoot. A new stem 
growing off the main 
stem ofa plant, or out ofa 
seed. 















e Axillary bud. Also 
called a lateral bud 
or secondary bud. A 
bud situated in an axil 
— the angle betweena 
shoot and the stem it 

is growing from. 


‘ Shoot Vy 


e Terminal bud. A bud 
growing at the end of 
a stem or shoot. 




















Lateral 
means “of 
the side”. 


Node 





Axillary 
bud 





Internode 


All the parts 
of a plant 
ibove the 
ground are 
acrial parts. 


where a leaf, with or 


_been produced. 


shoo between two nodes. 


rap yr wei ih "i f 


Pd 


“er 





244 *Cell wall, 238. 





e Node. A place ona stem 


without a leaf stalk, has 


Internode. The area of a stem or 


Parts of a root 


® Growing point. An area 
just behind a root tip 
where the cells divide to 
produce new growth. 


® Zone of elongation. The 
area of new cells 
produced by the 
growing point, and 
located just behind it. 
The cells stretch 
lengthwise as they take 
in water, since their cell 
walls* are not yet hard. 
This elongation pushes 
the root tip further down 

into the soil. 


ti 


layer 


Zone of 


elongation 
Growing c 
point 5 Root 





Root 
hair 







In reality, {jj 
there are 


area. 


Zone of Th 
elongation {){ 


Root 
cap 


Growing 
point 


e Piliferous layer. The 
youngest area of the 
epidermis”, or outer 
skin, of a root. It is the 
area which produces 
root hairs. It is found just 
behind the zone of 


elongation. As the walls 


of the elongating cells 
harden, the outermost 
cells become the 
piliferous layer. The 
older piliferous layer 
(higher up the root) is 
slowly worn away, to be 
replaced by a layer of 
hardened cells called 
the exodermis (the 
outermost layer of the 
cortex”). 


e Root hairs. Long 
outgrowths from the 
cells of the piliferous 
layer. They take in 
water and minerals. 


e Root cap. A layer of cells 
which protects the root 
tip as it grows down. 


“ Bulb, 262; Cortex, Epidermis, 243. 





Types of root 


Lateral 
root 


e Adventitious roots. 
Roots which grow 
directly from a stem. 
They grow out of bulbs* 
(which are special 
stems), or from 
gardeners’ cuttings. 


e Tap root. A first root, or 
primary root, which is 
larger than the small 
roots, called lateral 
roots or secondary 
roots, which grow out of 
it. Many vegetables are 
swollen tap roots. 


Aerial 
roots 


e Aerial roots. Roots 
which grow from stems 
and do not grow into the 
ground. They can be 
used for climbing, e.g. 
in an ivy. Many absorb 
moisture from the alr. 


e Fibrous roots. A system 
of fibrous roots is made |@ Prop vents. Special 
up of a large number of | types of aerial root. 
equal-sized roots, all They grow out froma 
producing smaller stem and then down into 
lateral roots. The first the ground, which may 
root is not prominent, as| be under water. They 
itis inatap root system.}| supporta heavy plant, 

€.g. a mangrove. 
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Inside an older plant 


A plant which lives for many years, such as a tree, forms secondary tissue 
as it gets older. This consists of new layers of tissue to supplement the 
original tissue, or primary tissue*. New supportive and fluid-carrying 
vascular tissue* is formed towards the centre of the plant and new 
protective tissue is produced around the outside. The production of the 
new vascular tissue is called secondary thickening, and results in what is 
known as a woody plant. 


Secondary thickening in a stem 


New central tissue 


e Vascular cylinder. A vascular cylinder develops 
as the first step of secondary thickening in stems. 
More cambium* forms between the vascular 
bundles”, and this then gives rise to more xylem* 
and phloem”, forming a continuous cylinder. 


Young 
stem 


Xylem* 


eSecondary thickening. The year-by-year 
production of more fluid-carrying vascular 
tissue* in plants which live for many years, 
resulting in a gradual increase in the diameter of 
the stem and roots. Each year, new layers.of 
xylem* (secondary xylem) and phloem* 
(secondary phloem) are produced by the 
dividing cells of the cambium* between them. In 
stems this happens slightly differently than in 
roots, but the result throughout the plant is an ever- 
enlarging core of vascular tissue (which slowly 
“squeezes out” the pith* in stems). Most of this 





Cambium* 


Slightly 
older 






Cambium 
joins up. 

















Phloem 
3. core is xylem, now also known as wood. The area 
Older of phloem does not widen much at all, because 
_ the xylem pushing outwards wears it away. 
e Annual rings. The concentric circles which can 
are be seen in a cross-section of an older plant. Each 
ring is one year’s new growth of xylem’, and has 
Vascular ° 
oviiniar two separate areas — the soft spring wood (or 
formed early wood), produced in the early part of the 
, Cambium growing season, and the harder summer wood (or 
After late wood), prciene later on. idait gt ots 
another 5 os a (secondary 
year ’ 7 xylem) 
After a numbe : 
of years 
4 Cambium 
Secondary 
phloem / 
First layer of First layer of Central t 
secondary xylem secondary phloem pith* has sinem 
(i.e. first annual ring) formed formed disappeared. 





New outer tissue 


As well as new vascular tissue”, an older plant 
also forms extra areas of tissue around its 
outside to help protect it. These are called 
phelloderm, phellogen and phellem 
respectively (working from the inside). The 
three areas together are known as the 
periderm. 


®Phellogen or cork Einiae A cell layer 
which arises towards the outside of the stem 
and roots of older plants. It is a meristem”, i.e. 
an area of cells which keep on dividing. It 
produces two new layers — phelloderm and 
phellem. 


e Phelloderm. A new cell layer produced by 
phellogen on its inside. It supplements the 
cortex* and is sometimes called secondary 
cortex. 

® Phellem or cork. A new cell layer produced by 

phellogen on its outside. The cells undergo 

suberization, i.e. become impregnated witha 
waxy substance called suberin. This makes the 
outer layer waterproof. The phellem cells 
slowly die and replace the previous outer cell 
layer (epidermis* in stems and exodermis* in 
roots). Dead phellem cells are called bark. 

































Tree (many years old ) 


Annual rings 





Cambium * 


af 





— 
_& 


Phellem 





Phellogen 


ASS ho ‘ le 
eee oe “*— Bole is another 
ig word for tree trunk. 






\ 4 Lenticel 






Loosely packed 
cells 


~ eeeeaeoee oxygen and carbon 
dioxide. Inside them, a channel of — 
PMiseashy-packed cells allows the gases 
move across the outer tissues to or from 
the cortex*, which also has air sites 














Air spaces 






“aan 


*.Cambium, Cortex, Epidermis, 243; Exodermis, 245 (Piliferous sows Phloem zs Meristem, 24 
243; Xylem, 242. Se ~~ | ‘ 








Leaves 


The leaves of a plant, collectively known as its foliage, are specially 
adapted to manufacture food. They do this by a special process called 
photosynthesis. For more about this, see pages 254-255. There are many 
different shapes and sizes of leaves, but only two different types. Simple 
leaves consist of a single leaf blade, or lamina, and compound leaves 

are made up of a number of small leaf blades called leaflets, all growing 
from the same leaf stalk. There is a chart showing some of the different leaf 
shapes on page 250. 


- Leaf edge, or gees 
margin. eaf stalk, or 
Inside a leaf petiole. Some leaves 
(sessile leaves) join 
directly to the stem, 


with no leaf stalk. 


Leaf point, or 
apex. 


‘s 3 


Veins. Long strips of vascular tissue* 
inside a leaf, supplying it with water 
and minerals and removing the food 
made inside it. Some leaves have long 
parallel veins, e.g. those of grasses, but 
most have a central vein inside a 
midrib (an extension of the leaf stalk), 
with many smaller branching veins. 









Midrib 


A leafs whole system 


of veins is its venation. : 
Upper epidermis* 


Leaf 
(cross-section) 


“if 
in 
mn 


Lower 
epidermis* 


Spongy cells 
tissue* 


Palisade cell Air space 





eSpongy layer. A layer 
of irregular-shaped 
spongy cells and air 
spaces where gases 
circulate. The spongy 
and palisade layers 
together are the mesophyll. 


e Palisade layer. A cell 
layer just below the 
upper surface of a leaf. It 
is made up of regular, 
oblong-shaped palisade 
cells. These contain 
many chloroplasts”. 





248 * Chloroplasts, 255; Epidermis, 243; Vascular tissue, 242. 






Abscission layer 


Leaf trace 


Vascular tissue” 


e Leaf trace. An area of vascular tissue* which 
branches off that of a stem to become the central 
vein of a leaf. 


e Abscission layer. A layer of cells at the base of a 
leaf stalk which separates from the rest of the plant 
at a certain time of year (stimulated by a hormone* 
called abscisic acid). This makes the leaf fall off, 
forming a leaf scar on the stem. 
























eStomata (sing. stoma). Tiny openings in the 
epidermis* (outer skin), through which the 
exchange of water (transpiration* ) and gases 
takes place. They are mainly found on the 
underside of leaves. 


e Guard cells. Pairs of crescent-shaped cells. The 
members of each pair are found on either side ofa 
stoma, which they open and close by changing 
shape. This controls water and gas exchange. 
They are the only surface cells with chloroplasts”. 


Stoma 
(closed) 
Close-up of stoma 
(open) 









Guard cells 


Ordinary cell 
of epidermis* 


* Axillary bud, 244: Chloroplasts, 255: Epidermis, 243; Hormones, 334: Transpiration, 252: Vascular tissue, 242. 


Special leaves 
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eStipule. A small stalkless 
leaf at the base of a leaf 
stalk in many plants. 


eBract. A leaf atthe base ofa 
flower stalk in many plants. 


eTendril. A special 
threadlike leaf (or stem) 
which either twines round 
or sticks to a support. 


eSpine. A specially modified 
leaf of a cactus. It has a 
reduced surface area to 
avoid losing much water. 





Horse 
chestnut 


Types of 


compound leaf 
Shown here are some types 
of compound leaf (leaves 
made up of leaflets*), as 
well as some common leaf 
arrangements and leaf 
edges, or margins. The 
pictures are not to scale. 


ePalmate. The leaflets (five 
or more) radiate from one 
common point. 


Columbine 
Leaflet 
with 
3 lobes \) 
ePinnate. The leaflets, or 
pinnae (sing. pinna), are in 
opposite pairs. 


e Ternate. Special type of 
trifoliate leaf. Each leaflet 
has three lobes. 


Leaf arrangements 


“YY Opposite 
pairs 


eOpposite. Leaf pairs whose 
members grow from 
opposite stem sides. 


eSpiral. Leaves growing out 
from points forming a spiral 
around the stem. 


Primrose 


Rosette 


@ Basal rosette. A rosette 
growing at the base ofa 
stem. 


e Rosette or whorl. A circle 
of leaves growing from one 
point. 

Leaf margins 


Lime 


i 
p 


Smooth 
margin 


Jagged 
margin 


eSerrate. The leaf margin 
has tiny jagged “teeth”. May 
also be lobed. 


e@Entire. The leaf margin has 
no indentations of any kind. 


250 


* Leaflets, 248. 





White 
clover 


eTrifoliate. Three leaflets 
grow from the same point. 


eBipinnate / tripinnate. A 
pinnate leaf with pinnate 
leaflets. 


Purple 
loosestrife 


Pairs at 
right 
angles 


@Decussate. Opposite 
pairs, each pair at right 
angles to the one before. 


Leaves fused 
round stem 


e Perfoliate. Single or paired 
leaves whose bases are 
fused around the stem. 


English 
oak 


®Lobed. The leaf margin 
forms sections, or lobes. 
May also be serrate. 








Plant sensitivity 


Plants have no nervous system, but they do still show sensitivity, i.e. they 
react to certain forms of stimulation. They do this by moving specific parts 

or by growing. This is called tropism. Positive tropism is movement or 

growth towards the stimulus and negative tropism is movement or 


growth away from it. 

ePhototropism. Glebe 
Response to light. “°"" 
When the light is 


sunlight, the 
response is called 
heliotropism. 
Most leaves and 
stems show this by 
curving around to 
grow towards the 
light. 


© Haptotropism or 
thigmotropism. 
Response to touch 
or contact. For 
example, the sticky 
hairs of a sundew 
} plant curl around 
an insect when it 
comes into contact 
with them. 


( 





eHydrotropism. 
Response to water. 
For example, some 
roots may grow out 
sideways if there is 
more water in that 
direction. 


®Geotropism. 
Response to the 
pull of gravity. This 
is shown by all 
roots, i.e. they all 
grow down through 
the soil. 


4. RdQLS Grow 
towards 
water 


Roots grow down in 
response to gravity 


eGrowth hormones or growth 
regulators. Substances which promote 
and regulate plant growth. They are 
produced in meristems” (areas where 


* Hormones, 334; Meristem, 244. 












®Photoperiodism. The response of 
plants to the length of day or night 
(photoperiods), especially with 
regard to the production of flowers. 
It depends on a number of things, 
e.g. the plant’s age and the 
temperature of its environment. 
Short-day plants only produce 
flowers if the length of the day is 
shorter than a certain length (called 

its critical length), long-day plants 

only if itis longer. It is thought that a 

































Chrysanthemum 
(short-day plant). 


Larkspur 
(long-day 
plant). 









Snapdragon 
(day-neutral 
plant). 











“message” to produce flowers is 
carried to the relevant area by a 
hormone”, produced in the leaves 
when conditions are right. This 
hormone has been called florigen. 
Some plants are day-neutral 
plants, i.e. their flowering does not 
depend on the length of day. 






















cells are constantly dividing). Awxins, 
cytokinins and gibberellins are types 
of growth hormone. 
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eTranspiration. The loss of water 


e Transpiration stream. A 


Capillary action. The way that 


e Root pressure. A pressure which 


Plant fluid transportation 


The transportation of fluids in a plant is called translocation. The fluids 
travel within the vascular tissue*, made up of xylem* and phloem*. The 
xylem carries water (with dissolved minerals) from the roots to the leaves. 
The phloem carries food from the leaves to areas where it is needed. 


Transpiration 
stream Vv 












by evaporation, mainly through 
tiny holes called stomata’ on the 
undersides of leaves. 


constant chain of events inside a 
plant. As the outer leaf cells lose 
water by transpiration, the 
concentration of minerals and 
sugars in their vacuoles* 
becomes higher than that of the 
cells further in. Water then 
passes outwards by osmosis”, 
causing more water to be 
“pulled” up through the tubes of 
the xylem”* in the stem and roots 
(helped by capillary action). 
The roots then take in more 
water. 





Water leaves through 
stoma* and evaporates. 







Water replaced from 
inner cells. 







fluids travel up narrow tubes (see 
also page 23). The molecules of 
the fluid are “pulled” upwards 

by the attraction between them 
and the molecules of the tube. 


builds up in the roots of some 
plants. In all plants, water travels 
in from the soil and on through 
the layers of root cells by 
osmosis”. In plants which 
develop root pressure, the 
pressure of this water movement 
is enough to force the water some 
way up into the tubes of the 
xylem”. It is then “pulled” on 
upwards by the transpiration ° 
stream. In other plants, the 
movement of water through root 
cells is all due to the “pull” of the 
transpiration stream. 






Water pulled up 
through xylem”. 
ee, . 






Roots take in more water. 


* Osmosis, 327: Phloem, 242: Stomata, 249: Vacuoles, 238; Vascular tissue, Xylem, 2421 
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<q Guttation 


Water forced 
out of pores 






Turgor e 


®Turgor. The state of the 
cells in a healthy plant. 
Each cell can take in no 
more water (it is turgid). 
Water has passed by 
osmosis” into the cell sap* 
(dissolved minerals and 
sugars) in its large central vacuole’, and the 
vacuole has pushed as far out as it can go. It can go 
no further because its outward pressure (turgor 
pressure) is equalled by the opposing force of the 
rigid cell wall* (wall pressure). Such cells enable 
a plant to stand firm and upright. 





Healthy plan 





Wilting >» 
e Wilting. A state of 
drooping, found in a plant 
subjected to certain 
conditions, such as excess 
heat. The plant is losing 
more water (by 
transpiration) than it can 
take in, and the turgor pressure (see turgor) of its 
cell vacuoles* drops. The cells become limp and 
can no longer support the plant, so it will droop. 





Plasmolysis > 






ePlasmolysis. An extreme 
state in a plant, which may 
cause it to die. Such a plant 
is losing a large amount of 
water, often not only by 
transpiration in excess 
heat (see wilting), but also 
by osmosis” into very dry soil or soil with a very 
high concentration of minerals. The vacuoles’ of 
the plant cells then shrink so much that they pull 
the cytoplasm* away from the cell walls’*. 


Dying plant 





* Cell sap, 238 (Vacuoles); Cell wall, Cytoplasm, 238; Osmosis, 327; Root hairs, 245. 


eGuttation. A phenomenon occurring 
in plants which show root pressure. 
The extra pressure, added to the “pull” 
of the transpiration stream, may 
cause drops of water to be forced out 
of water-secreting areas of cells 
(hydathodes) via tiny pores at the tips 
or along the edges of the leaves. 


Root cells 


Vacuole* containing 
cell sap* 


Turgor pressure 


Root hair* 


No more water 
can enter. 


Wall pressure 
Reduced turgor 
pressure 


Vacuole* 
shrinks. 


Not enough water 
coming in. 





Cytoplasm* 
pulled away 
from cell wall”*. 


Water leaving 
cell into soil. 
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¢Compensation points. Two points ina 


Plant food production 


@Photosynthesis. The series of 
chemical reactions (for basic 
equation, see page 209) by which 
green plants make their food. It 
occurs mainly in the palisade 
cells*. Carbon dioxide is combined 
with water, using energy taken 
in from sunlight by chloroplasts. 
This produces oxygen as well as 
the plant's food. > 


Most plants have the ability to make 
the food they need for growth and 
energy (unlike animals, which must 
take it in). The manufacturing 


process by which they make their 
complex food substances from 
other, simpler substances is called 
photosynthesis. 


Cell in epidermis* 


Phot thesi 
otosynthesis (no chloroplasts) 






Sunlight 





| Nitrates and minerals (e.g. 
©, phosphorus and calcium) alsa 
taken in. Used to build new 









Chloroplasts 
Stoma absorb sunlight. 
up inside cells. 





Photosynthesis is producing just the 
right amounts of carbohydrates and 
oxygen for internal respiration, and 
this is producing just the right amounts 
of carbon dioxide and water for 

photosynthesis. 


24-hour period (normally around dawn 
and around dusk) when the two 
processes of photosynthesis and 
internal respiration” (see top of next 
page) are exactly balanced. 





* Epidermis, 243: Internal respiration, 332; Palisade cells, 248 (Palisade layer); Vacuoles, 238. 








Food substances built 


























» The process of photosynthesis works in 
co-ordination with that of internal 
respiration”, the breakdown of food for 
energy. Photosynthesis produces oxygen 
and carbohydrates (needed by internal 
respiration) and internal respiration 
produces carbon dioxide and water 
(needed by photosynthesis). At most times, 

of many different colours. 
Each pigment absorbs some 


Carbon dioxide 
eo Water — 
——— s and reflects other 


The colour 
spectrum 





ie i | 





‘ePigments. Substances which 
absorb light. White light is 
actually made up of aspectrum 










colour 
RESPIRATION E 


Oxygen ovcoedle 
Carbohydrates 


one of the two processes is occurring at a 
faster rate than the other. This means that 
excess amounts of its products are being 
produced, and not enough of the substances 
it needs are being made in the plant. In this 
case, extra amounts must be taken in and 
excess amounts given off or stored (see 
pictures 2 and 4 on the opposite page). 








Chlorophyll reflects r 
green light 






Chlorophyll is a pigment 
found in all leaves. It absorbs 
blue, violet and red light, and 
reflects green light. This is 
why leaves look green. 
Other pigments, such as 






6 





Mia 






eChloroplasts. Tiny bodies in plant cells 
(mainly in the leaves) which contain a green 
pigment called chlorophyll. This absorbs 
the sun’s light energy and uses it to “power” 
photosynthesis. Chloroplasts can move 

around inside a cell, according to light 

intensity and direction. See also page 240. 














Chlorophyll 3% 
broken down. .¥* 






xanthophyll, carotene and 
tannin are also present in 
leaves. They reflect orange, 
yellow and red light, but are 
masked by chlorophyll during 
the growing season. In autumn, 
the chlorophyll breaks down, 
and so the autumn colours 
appear. Pigments are used to 
give colour to many things, 

e.g. paints and plastics. 


Strong sunlight 






Chloroplasts 





“ Internal respiration, 332. 

















































Flowers 


The flowers of a plant contain its organs of reproduction (producing new 
life — see also page 258). In hermaphrodite plants, e.g. the buttercup and 
poppy below, each flower has both male and female organs. Monoecious 
plants, e.g. maize, have two types of flower on one plant — staminate 
flowers, which have just male organs, and pistillate flowers, which have © 
just female organs. Dioecious plants, e.g. holly, have staminate flowers on 
one plant and pistillate flowers on a separate plant. 


The female organs How the parts 

are arranged 

eCarpel or pistil. A female 

reproductive organ, consisting 
of an ovary, stigma and style. 
Some flowers have only one | 
carpel, others have several 
clustered together. 


Stamens 


Buttercup 
carpels 


e Ovaries. Female reproductive 


Superior , wet ai 
structures. Each is the main — ‘ill 


® Receptacle. The expanded tip Buttercup 


of the flower stalk, or peduncle, The petals and part of a carpel and contains 


one or moretiny bodies called | @Hypogynous flower. The 





. sepals together 
wee = rr are called the ovules*, each of which carpel (or carpels) sit on 
ePetals. The delicate, usually contains a female sex cell. An top of the receptacle; all 
brightly coloured structures e ovule is fixed by a stalk the other parts grow out 
around the reproductive (funicle) to an area of the from around its base. The 


ovary’s inside wall called the position of the carpel is 
placenta. The stalk is described as superior. 


attached to the ovule at a point Cy? PH ean 
called a chalaza. RANEY 


organs. They are often scented 
(to attract insects) and are 
known collectively as the corolla. 


© Stigma. The uppermost part of 
a carpel, with a sticky surface 
to which grains of pollen* 
become attached during 
pollination’. ePerigynous flower. The 
carpel (or carpels) rest ina 
cup-shaped receptacle; all 
the other parts grow out 
from around its rim. The 
position of the carpel is 
described as superior. 





eSepals. The small, leaf-like 
structures around a bud, known 
collectively as the calyx. In 
some flowers, e.g. buttercups, 
they remain as a ring around the 
opened petals; in others, e.g. 
poppies, they wither and fall off. 


eStyle. The part of a carpel 
which joins the stigma to the 
ovary. Many flowers have an 
obvious style, e.g. daffodils, 
| but in others it is very short 
Receptacle Peduncla, \j ee (e.g. buttercups) or almost 
| f J\\ on non-existent (e.g. poppies). Daffodil 










Sepals Ye ~—- Unopened 
fallen off. petals 


Pedunclé 

Petal Stamens : 
° | @Gynaecium. The whole 
female reproductive structure, 


Nectar made up of one or more 


—— here. 





Nectary 
Receptacle 





eNectaries. Areas of cells at the Anther 
base of the petals which 
produce a sugary liquid called 
nectar. This attracts insects 
needed for pollination”. It is . 
thought that the dark lines down 
many petals are there to direct 
an insect to the nectar, and they 


are known as honey guides. 






eEpigynous flower. The 
flower parts grow from the 
top of a receptacle which 
completely encloses the 
ovary (or ovaries), but not 
the stigma and style. The 
position of the ovary is 
described as inferior. 


The male organs »_- @ Androecium. A 


collective term 







Stamen 







eStamens. The male 
reproductive organs. Each has 

a thin stalk, or filament, with an 
anther at the tip. Each anther is 
made up of pollen sacs, whic 
contain grains of pollen”. 








parts of a flower, 
i.e. all the 
stamens. 








Androecium 





256  * Pollen, Pollination, 258. * Ovules, Pollen, Pollination, 258. 





Buttercup Pollen sticks 
to body of bee 


Reproduction in a flowering plant oe dialect 






















Types and arrangements of flowers 






‘ , j , ; Inflorescence Bell flower 
Reproduction is the creation of new life. All flowering plants reproduce (flowering (nettle-leaved 
bellflower) 





by sexual reproduction*, when a male gamete” (sex cell) joins with a 
female gamete. In flowering plants, the male gametes (strictly speaking 
only male nuclei*) are held in pollen and the female gametes in ovules. | 


Bees visit 
flower to 
_ drink 





























n. 
The pollination of 
one plant by pollen 
grains from another 
plant of the same type 
(if the grains land ona 


ePollen. Tiny grains formed by the stamens” ,. on: 
(male parts) of flowers. Each grain isa 
special cell which has two nuclei*. When a 
pollen grain lands on an ovary” (female 
body), one nucleus (the generative . 
nucleus) splits in half, forming two male 


e Inflorescence. A group of 
flowers or flowerheads 


; ® Bell flower. Also called a 
growing from one point. 


tubular or campanulate 
flower. Its petals are joined 
to make a bell shape. 

















Flowerhead 
(cornflower) 









































nuclei (r eproductive bodies — see Generative different type of plant, Sy Ae Spurred flower 
intr oduction). nucleus they do not develop 2 os! te ioe (columbine) “~ 
eOvules. The tiny structures inside a embryo sac nucleus* undergoes further, i.e. they do 
flower’s female body, or ovary*. They several divisions (looked at in more not produce pollen 
become seeds after fertilization.Each detail on page 323 — under gamete tubes). The pollen P 
; . ‘ ; mav be carried bv the flower. A cluster of tiny 
consists of an oval cell (the embryo production, female). This results ina ay y Ricaace ores. 
sac), surrounded by layers of tissue number of new cells (some of which wind, or by insects es a yi 
called integuments, except at one become part of the seed’s food store) which drink the : aren at ae . ais 
point where there is a tiny hole and two naked nuclei which fuse nectar”. ae extandiad barkerards to 
‘ sue . . isc 
(micropyle). Before fertilization, the together. One ol the new cells is the nce orchiqg stamens* bend over | florets form spurs. 
Male female gamete”* (sex cell), or egg cell. '* _ to touch stigma’. ihe 
' nm ippe ower 











nucle 
ePollination. The process by ey — vv 
which a grain of pollen 
transfers its male nuclei (see 
pollen) into the ovary” of a - 
flower. The grain lands on the 
stigma”, and forms a pollen 
tube, under the control of the 
tube nucleus (the one which 
did not divide — see pollen). 
The tube grows down through 
the ovary tissue and enters an 
ovule via its micropyle. The 
two male nuclei then travel 
along it. 








®Disc florets. Florets whose 
petals are all the same size. 





@ Lipped flower. A flower 
with two “lips” — an upper 
and lower one. The upper 
one often has a hood. 





% 
i 





Pollen tube 
(extension of 
pollen grain) 


Self pollination. The 
pollination of a plant 
by its own pollen 
grains. For example, a 
bee orchid tries to 
attract male Eucera 
bees (for cross 

eFertilization. After pollination) by 

pollination, one male looking and smelling 
nucleus (see pollen) fuses like a female bee. But 
with the egg cell in the ovule if it is not visited, its 
to form a zygote” (the first cell stamens* (male 

of anew plant). The other joins parts) bend over and 

with the two fused female transfer pollen to the 













nucleus 










Pea flower 
(gorse) 









Ray floret enenee 






@ Ray florets. 
one long petal. 





Wing 
petals 







Keel 






@Pea flower. A flower with 
an upper petal (the 
standard), two side petals 
(wing petals) and two 
lower petals forming the 




















®Umbellifer. An 
inflorescence with 








Micropyl 
i a eee ee oT nuclei to form a cell which stigma”* of its ovary” umbrella-shaped keel (which encloses the 
Dryo es ‘ ; 
sachasdividedup. "ssoe® develops into the endosperm”. (female body). flowerheads (umbels). reproductive parts). 
258 _ * Endosperm, 261; Male nuclei, 32] (Gametes); Nucleus, 238; Ovaries, 257; Sexual reproduction, 320; Stamens, 256; Stigma, 257; * Nectar, 256 (Nectaries); Ovaries, 257: Stamens, 256; Stigma, 257. 


Zygote, 321. 























Position of 
radicle 
(plumule 
hidden) 


ePlumule. The first bud, 
or primary bud, formed 
inside a seed. It will 
develop into the first 
shoot of the new plant. 


Parts of a seed 


Seeds and germination 


After fertilization’ in a flowering plant, an ovule* develops into a seed. © 
This contains an embryo, i.e. a new developing plant, and a store of food. 
The ovary”* ripens into a fruit, carrying the seed or seeds. There is a chart 


of different fruits on page 262. 
















@Hilum. A mark ona 
seed, showing where the 
ovule* was attached to 
the ovary*. 



















®Radicle. The first root, 
or primary root, of a 

new plant. It is formed 
inside a seed. 















The tiny hole 
(micropyle”), 
present in the 
ovule*, can 
still be seen. It 
lets water in. 








@Testa. The seed coat. It 
develops from the 
integuments”*. 


eDispersal or dissemination. The two main ways, depending on whether 
shedding of ripe seeds fromthe fruitof a fruit is dehiscent or indehiscent. | 


a parent plant. This happens in one of 

























Testa Radicle Cotyledons One cotyledo 


@Dehiscent. A word describing a fruit Indehiscent. A word describing a fruit 

















has been h b 
from which the seeds are expelled which becomes detached from the remove aaa ae ee 
before the fruit itself disintegrates. For plant and disintegrates to free the & > 4 
Seeds are Dandelion . 
Poppy shaken s Radicle 







capsule 






Cotyledon 





Cotyledon 








































4s Y gms : at | SycatOPe™E ee - ia Wa | Cotyledon 
~ wma Pong eee ; ye 
example, apoppy capsule hasholesin, —_ seeds. For example, the “keys” of eEndosperm. A layer of | jerial cross- eCotyledon or seed-leaf. 
and the seeds are shaken out by the sycamores or the “parachutes” of tissue inside a seed sige oie A simple leaf which 


forms part of the 
developing plant. In 
some seeds, e.g. bean 
seeds, it absorbs and 
stores all the food from 
the endosperm. 


which surrounds the 
developing plant and 
gives it nourishment. In 
some plants, e.g. pea, 
the cotyledons absorb 
and store all the 





wind. Other fruit, e.g. broom pods, _ dandelions are carried by the air, and | 


“off ,o—£- Br hooked burrs catch on animal fur. The 
3a Blackb 






Endosperm 




















Merc, 















Cotyledons 



















4 ‘ | AE ls ; A EFS. . endosperm before the Monocotyledons are 
— P ° . . . e 
open spontaneously and “shoot” th fruit then rot away in the ground to SEG ee = ein “a plants with one 
e.g. grasses, it is not fully Cross-section] COtyledon, e.g. grasses, 
absorbed until after the of a mature in dicotyledons, e.g. 


then be carried by wind, waterorother eaten by animals, which then expel the bean 


means. seeds in their droppings. peas, there are two. 


seed germinates. 





| 
| 
seeds out. In all cases, the seeds may —_ expose the seeds. Edible fruit may be 





Ger mination | _ @Hypogeal. A type of germination, e.g. eEpigeal. Atype of germination,e.g.in ¢Coleoptile. The first leaf of many 
When conditions are right, a seed will in pea plants, in which the cotyledons tomato plants, in which the cotyledons monocotyledons (see cotyledon). It 
germinate, The plumule and radicle remain below the ground within the appear above the ground, below the protects the first bud and the first 
emerge from the seed coat, and begin testa, and the plumule is the only part | first leaves — the true leaves. leaves emerge from it 





































to grow into the new plant, orseedling. to come above the ground. | ae ar” deeeeeeneelinatieieadlie T : 
a oe a rue leaves ._ : 
ey Epigeal (bean | . Testa is — \ Grainof W 
plant) ~ — discarded. LV wheat 
Hypogeal Cotyledons Plumule comes Plumule comes oe 
(pea plant) stay below above ground. above ground. : ‘ Bud protected 
Plumule ground. by coleoptile 











Radicle 
grows down. 











Seed 
itarting to 
germinate 










Radicle 
| a 







* ae . . . ; c 
260 Fertilization, 258; Ovaries, 257; Ovules, 258. * Integuments, Micropyle, 258 (Ovules): Ovaries, 257. 





A fruit contains the seeds of a plant. True fruit 
develop purely from the ovary’, false fruit from 
the receptacle” as well (e.g. a strawberry). The 
outer wall of a fruit is called the pericarp. In 
some fruit, it is divided into an outer skin, or 
epicarp, a fleshy part, or mesocarp, and an 
inner layer, or endocarp. Listed below are the 
main types of fruit. 


Pea pod Seeds 


e Legume or pod. A fruit with 
seeds attached to its inside 
wall. It splits along its length to 
open. E.g. a pea. 


@ Berry. A fleshy fruit 
which contains many 
seeds, €.g. an orange 
or a blackcurrant. 


4 Py 
cn" Blackcurrants Hazelnut = 
@ Nut. A dry fruit witha hard 
shell, which only contains one 
seed, e.g. a hazelnut ora 
walnut. Seed 


ae —~~_ ©Grain. Also calleda 
sh " caryopsis or kernel. 
h = Asmall fruit whose 
‘Ya wall has fused with the 
Re “SS. seed coat, e.g. wheat. 


™. 


Grains of wheat SS S ‘4 
e Achene. A small, dry fruit, with 
only one seed, e.g. a sycamore 
or buttercup fruit. A “winged” 
achene like a sycamore fruit is 


a samara or key fruit. samara 

@Drupe. A fleshy fruit 
with a hard seed in the 
centre, often known as 
a “stone”, e.g. a plum. 


naaesanaont SN 


Plum Seed or “stone” 


ePome. A fruit withathick, _ 
fleshy, outer layer and a core, 
with the seeds enclosed ina 
capsule, e.g. an apple. Pomes 
are examples of false fruits 
(see introduction). 


262 * Adventitious roots, 245; Asexual reproduction, 320; Ovaries, 257; Receptacle, 256. 








Vegetative 
reproduction 


As well as producing 
seeds, some plants 
have developed a 
special type of 
asexual 
reproduction’, called 
vegetative 
reproduction or 
vegetative 
propagation, in which 
one part of the plant is 
able to develop unaided 
into a new plant. 






Shoot will 
emerge 
here. 


Daffodil 
bulb 


Adventitious 
roots* 


Bulb cut 
in half 


, Scale 


Short, thick 
stem 





@Bulb. A short, thick stem 


surrounded by scaly 
leaves (scale leaves) 
which contain stored 
food material. It is 
formed underground by 
an old, dying plant, and 
represents the first, 
resting, stage of a new 
plant, which will emerge 
as a shoot at the start of 
the next season. E.g.a 
daffodil bulb. 


. 
a 
Z 





@Corm. A short, 
thick stem, similar 
to a bulb, except 
that the food store 
is in the stem itself. 
E.g. a crocus corm. 





. Adventitious roots* 
\ Mint rhizome 


Rhizome cut 













New bud 


® Rhizome. A thick stem, which has 
scaly leaves and grows horizontally 
underground. It produces roots 
along its length and also buds from 
which new shoots grow. Many 
grasses produce rhizomes, as well 
as other plants, e.g. ferns and irises. 


Older strawberry 
plant 
New plant 


\ 
i 


eStolon or runner. A stem which 
grows out horizontally near the base 
of some plants, e.g. the strawberry. 
The stolon puts down roots from 
points at intervals along this stem, 
and new plants grow at these points. 






Potato 
plant 


Tubers 
(potatoes) 





o Tuber. A sheet EeoLen. 
underground stem which contains 
stored food material and produces 
buds from which new plants will 
grow, e.g. a potato. 


* Adventitious roots, 245. 








Artificial propagation 


Artificial propagation is the 
commercial process, in agriculture 

and market gardening, which makes 
use of vegetative reproduction. The 
fact that new plants need not always 
grow from seeds means that many more 
plants can be produced commercially 
than would occur naturally. 








Taking a 
cutting mt 
e Cutting. A process in which a piece of 
a plant stem (the cutting) is removed 
from its parent plant and planted in soil, 
where it grows into a new plant. In 
some cases, it is first left in water for a 
while to develop roots. 
an 








Scion 









Protecting 


the ‘alas 
he 





e Grafting. The process of removing a 
piece of a plant stem and re-attaching it 
elsewhere. This could be to a different 
part of the same plant (autografting), 
to another plant of the same species 
(homografting), or to a plant of a 
different species (heterografting). 
The piece removed is called the scion, 
and that to which it is attached is known 
as the stock. 

Budding | 





Protecting _ 
j the area 





e Budding. A type of grafting where a 
bud and its adjacent stem are the parts 
grafted. 











The body structure of animals 


Animals exist in a great variety of forms, from single-celled organisms to 
complex ones made of thousands of cells. The way they are classified*, or 
divided into groups, depends to a large extent on how complex their 


bodies are. The two terms higher animal and lower animal are often 
used in this context. The higher an animal is, the more complex its internal 
organs are. In general, the distinguishing features of higher animals are 
segmentation, body cavities and some kind of skeleton. 


eSegmentation. The division of a body 


into separate areas, or segments, a 
step up in complexity from a simple 
undivided body. Generally, the more 
complex the animal, the less obvious its 
segments are. The most primitive form 


f., Metameric 
te rin 











of segmentation is metameric 
segmentation, or metamerism. The 
segments (metameres) are very 
similar, if not identical. Each contains 


more or less identical parts of the main 


internal systems, which join up through 
the internal walls separating the 
segments. Such segmentation is found 
in most worms, for example, and in 


Arrangement of the | 


eBilateral symmetry. 






e Appendage. As 


myriapods*. More complex 
segmentation is less obvious. In 
insects, for example, the body has 
three main parts — the head, thorax 
(upper body region) and abdomen 
(lower body region). Each of these is in 
fact a group of segments, called a 
tagma (pl. tagmata), but the segments 
are not divided by internal walls. They 
are simply visible as external markings. 


ordinate body part, 
i.e. one which projects from the body 
such as an arm, leg, fin or wing. 


®Radial symmetry. A 


Only one division radiating 
. produces 
mirror. arrangement of body 





parts around a central 

axis, e.g. in starfish. In 

such cases, there are 

: | two or more possible 
divisions produce DOG divisions 
mirror-image halves. (Sometimes in 


ae <=», different planes) 
ake 


An eee. of Bilateral . non halves. 
body parts in which — symmetry : Cae 

there is only one Frog 
possible body 
division which will 
produce two mirror- 
image halves. It is 
typical of almost all 
freely-moving 
animals. The same Radial 
state in flowers is symmetry 
called zygomorphy 

(e.g. in snapdragons). 


¥ which will produce 

' two mirror-image 
halves. The same 
state in flowers is 
called actinomorphy 
(e.g. in buttercups). 


Starfish > 


© i ef 
+7 
CG 
why elt #7 


Tube feet. Used to 
move or to grasp food. 





* Classification, 338; Myriapods, 341 (Note 5). 


\ 


Body cavities 


Almost all many-celled animals have a main fluid-filled body cavity, or 
perivisceral cavity, to cushion the body organs (very complex animals, e.g. 
humans, may have other smaller cavities as well). Its exact nature varies, but in 
most animals it is either a coelom or a haemocoel. In soft-bodied animals it is vital 


ay ne * 
S bd , Tentacles 


®Coelom. The main body cavity 


eMantle cavity. A body 


in movement, providing an incompressible “bag” for their muscles to work 
against. Such a system is called a hydrostatic skeleton. 


Simplified cut-away of a 
peanut worm. Not all ¥ 
body organs shown. , 









Nephridiopore* 


(perivisceral cavity) of higher 
worms, echinoderms”, e.g. starfish, 
and vertebrates”, e.g. birds. It is 
fluid-filled to cushion the organs and is 
bounded by the peritoneum, a thin 
membrane which lines the body wall. 
In lower animals, e.g. many worms, the 
coelom assists in excretion. Their 
excretory organs, called nephridia’, 
project into the coelom and remove 
fluid waste which has seeped into it. In 
higher animals, other more complex 
organs deal with these functions. 





Simplified cut-away picture of a 
x whelk. Not all body organs shown. 


Simplified cut-away ofa 
spider. Not all body 

organs shown. 
Malpighian 
tubules* 


Heart Haemocoel 


Eye 








, 


Silk gland ve Lung book” Mouth “toe 

eHaemocoel. The fluid-filled main body 
cavity (perivisceral cavity) of 
arthropods”, e.g. insects, and 
molluscs”, e.g. snails. In molluscs, it is 
more of a spongy meshwork of tissue 
than a true cavity. Unlike a coelom, a 
haemocoel contains blood. It is an 
expanded part of the blood system, 
through which blood is circulated. In 
some animals, the haemocoel plays a 
part in excretion. In insects, for 
instance, water and fluid waste seep 
into it, and are then taken up by the 


Malpighian tubules* projecting into it. 


Mantle 





cavity in shelled molluscs”, 
e.g. snails. It lies between 

the mantle (a fold of skin a ft 

lining the shell) andthe rest "~~ gi Vy Ak pe 
of the body. Digestive and 
excretory waste is passed 
into it, for removal from the 
body. In water-living 
molluscs, it also holds the 
gills*; in land-living snails, 
it acts as a lung. 


Kidney discharges aay 
excretory waste me Le. A ieee 


Spongy 
haemocoel 
network 


Mantle siphon (an 
inhalant siphon* ) 


Operculum. 
Hard plate that 
‘covers shell 
opening when 
animal is inside. 


Digestive waste come 

out here and leaves " 
through a slit under Digestive 
the shell. on 


* Arthropods, 340; Echinoderms, 341; Gills, 272; Inhalant siphon, 272 (Siphon); Lung books, 272; Malpighian tubules, 273; 
Molluscs, 340; Nephridiopore, 273 (Nephridia); Tentacles, 275; Vertebrates, 34] (Craniata). 


Animal body coverings 


All animals have an enclosing outer layer, or “skin”, normally witha 

further covering of some kind. In many cases, the skin is multi-layered, 

like human skin (see pages 310-311), and in most higher animals its covering 
is soft, e.g. hair, fur or feathers. Hard coverings, e.g. shells, are found in 
many lower animals and may form their only supporting framework, if 

they have no internal skeleton (endoskeleton). In such cases, the covering 
is called an exoskeleton. Some of the main body coverings are listed here. 





eCarapace. The shield-like shell of a 
crab, tortoise or turtle. In tortoises and 
turtles, it consists of bony plates fused 
together under a horny skin, but in 
crabs, it is a hardened cuticle. 


eCuticle. A non-living, waterproof, 
outer layer in many animals, secreted 
by the skin. In most soft-bodied 
animals it hardens to form a supportive 
outer skeleton, or exoskeleton, e.g. the 
shells of crabs and the tough outer 
“coat” of insects. The term cuticle is in 
fact most often used to describe an 
insect “coat”. This consists of a 
sugar-based substance (chitin) and a 
tough protein (sclerotin). It is often 
made up of sclerites — separate pieces 
joined by flexible, narrow areas. In 
other animals, e.g. earthworms, the 
cuticle remains a soft waxy covering. 


.  Earwig 










one Ot 















eign Carapace ~ "= ie ian 
-@Denticles or placoid scales. Sharp 
backward-pointing plates, covering 
the bodies of cartilaginous fish (Class 
Elasmobranchiomorphi’*), e.g. rays. 
They are similar to teeth, and stick out 
from the sKin, unlike scales. 
































Cuticle 
(sclerites) 


bs 


ei I i 4 ~~ es 
— ly 


~ ~S 








sometimes used to mean the 
stratum corneum” in humans. 


e Scales. There are two different types 
of scales. Those of bony fish (Class 
Osteichthyes”), e.g. carp, are small, 
often bony plates lying within the skin. 
Those covering the limbs or whole 
bodies of many reptiles* (e.g. the legs 
of turtles) are thickened areas of skin. wv 

si al , . Be Epidermis"} g-« 2 hf 


i, 








pair of 
wings of beetles and some bugs. They 
are modified to form a tough cover for 
the back pair of wings, used for flying. 

° wv Beetle Cobra Aim 




















large, hard, external plate, especially 
those on the underside of a snake, used 
in movement. 







266 * Dermis, 310; Elasmobranchiomorphi, 341; Epidermis, 310; Osteichthyes, Reptiles, 341; Stratum corneum, 310. 














Northern parula Vv 
Feathers warbler 






| j Uropygium. Contains Rectrices 
The insulating waterproof layer of a oe myo (sing. rectrix) 
bird’s body is made up of feathers, which secretes an Tail feathers, 
: i j i controlin 
together known as its plumage. Each = Ory Tue used'n changes of 
feather is a light structure made ofa geome in 

















fibrous, horny substance called 
keratin. Each has a central shaft (or 
rachis) with thin filaments called — ) 
barbs. The barbs of all contour | a XG nae 
feathers, i.e. all the feathers except the : OO 
down feathers, have tiny filaments 

called barbules. Like body hairs, Gee 
feathers have nerve endings attached lower beak 
to them, as well as muscles which can 2": 
fluff them up to conserve heat (see hair 


erector muscles, page 310). 


Vane. Flat surface 
formed by 
barbs and 
barbules. 








nat 





The feathers of 
the back, shoulders and 
wings are sometimes 
called the mantle. 











—— 

“ea 

ee 

= 

Coverts. Feathers covering bases 
adits! of wing and tail feathers. 4 
Barbules of one iy Re 
barb lock into ~ 
those of the 
barb next 
to it. 













Primaries (furthest from the body). > 
Make up end section of wing (pinion). “ 







Secondaries (nearer the body). 





Barbule 








e Remiges (sing. remix) or flight IE ESN 
feathers. Those feathers of a bird’s WHR 
wings which are used in flight, 
consisting of the long, strong primary Down feather 
feathers, or primaries, and the shorter 
secondary feathers, or secondaries. 






e Down feathers or plumules. The e Feather follicles. Tiny pits in a bird’s 


fluffy, temporary feathers of all young skin. Each one has a feather in it, just 
birds, which have flexible barbs, but like a hair in a hair follicle*. The cells 
no true barbules. The adults of some at the base of the follicle grow up and 
types of bird keep some down feathers out to form a feather, and then die 

as an insulating layer close to the skin. away, becoming hard and tough. 


* Hair follicle, 310. 





Animal movement | Swimmers 


Most animals are capable of movement from place to place (locomotion) ¢ Fins. Special projections from the Class of fish — see page 341) radiating 
at least at some stage of their life (plants can only move individual parts — body of a fish, which are used as out inside them. Fish have two sets of 
see tropism, page 201). The moving parts of animals vary greatly. Many stabilisers and to change direction. fins, called median and paired fins. 


They are supported by rays -— rods of Trout W 


tem of bones and muscles similar to humans (see : 
ania 1 ars ( bone or cartilage* (depending on the 


pages 278-283). Listed here are some of the parts used to move animals. 
® Flagella (sing. flagellum). Any long, 
fine body threads, especially the one 
or more which project from the surface 
® Cilia (sing. cilium). Tiny “hairs” onthe 0f many single-celled organisms. 














Movement of simple 
animals 


In some fish, 
the pelvic 
fins are in 
~<4—— front of the 
pectoral 
fins. 


outer body surfaces of many small These lash backwards and forwards to 
organisms. They flick back and forthto | Produce movement. Organisms with ae 
produce movement. Cilia are also flagella are flagellate. | Anal fe. Bionger and Pectoral fins | 







extending under the belly, 
it is known as the ventral fin. 





Swi 


found lining the internal passages of 
bladder 


more complex animals, e.g. human air 


Pelvic fins 















passages (they trap foreign particles). 7“) ¢Median fins. The fins which runina ®Swim bladder or air bladder. A long 
Chaetae yy line down the centre of the back and air-filled pouch inside most bony fish 
Taraneh Laie are ee See | ee the belly. In some fish, e.g. eels, they (Class Osteichthyes*). The fish alters 
SRS . See ne bc 7 Trichomonas form one long continuous median fin, the amount of air inside the bladder 
: » . Parapodium 77 piece pai | but in most they are divided into the depending on the depth at which it is 
_& eParapodia (sing parapodium). Paired dorsal, caudal (tail) and anal (or swimming. This keeps the density of 
ae : ventral) fins. The dorsal fin and the the fish the same as that of the water, so 
oe is ma from the sides of phate anal fin control changes of direction it will not sink if it stops swimming. 
, Vee from side to side. The caudal fin helps 
Food in sac ee ee | to pr opel the fish thr ough the water. Median or medial means “lying on the dividing 





called food bristles, or chaetae (sing. chaeta), 


line between the right and left sides” 


“ye . id ‘ f _ e ° © 
ee ca weil eal Contractile which may also cover the body in some ° Paired fins. The fins of a fish which en eee a a 
waft food particles inwards. cases. , | stick out from its sides in two pairs: the 





pectoral fins and the pelvic fins. They | Caudal means “of the tail or hind part’; 
control movement up or down. 


Flyers 
ePectoralismuscles. Twolarge, ~~ =>, 





caudate means “having a tail” 


®Pseudopodium (pl. pseudopodia). An formed either in order for the organism 
extension (“false foot”) of the cell to move or to enable it to engulf a food 
matter, or cytoplasm”, of a single- particle. The latter process is called 
celled organism. Such extensions are phagocytosis. 


Ventral means “of the front or lower surface” 








































binsnuniens —— paired chest muscles, found in many ee / 
ai ctoplasm * : : : Bastard wi alula. 
rb as 4 Nucleus 3. evens out mammals 3 but especially highly — Short digit’ be a ' 
aoa around developed in birds. Each wing has one cane few feathers. Helps to 
janis edge. up) deal with air turbulence. 










pectoralis major and one pectoralis 
minor, attached at one end to the keel, 














Outer, rigid Inner, fluid Pectoralis major 
























cytoplasm * cytoplasm Nucleus a large extension of the breastbone. (pulls wing down) a 

: (ectoplasm) (endoplasm) flows ee 

‘ienauuns thins out at one point, forward to form pseudopodium. Organism has moved. The muscles contract alternately to 7 ZG 
oF »« 
move the wings. ; OP as scnicttisian tc Coracoid " &, 
sternum ones 

Cotiaiiaes cog Walkers poem 
called | ®Unguligrade. ® Digitigrade. ®Plantigrade. 





ig 


Os Walking onthe | 4 
: _ underside of the er > 
>») whole foot,e.g. “ 


man. 








Walking on 
hooves at the 
tips of the toes, 
e.g. horses. 


Walking on the 
underside of the 
toes, e.g. dogs 
and cats. 









mm 
Nucleus 






Some white blood cells use 
phagocytosis to engulf 
foreign bodies. 

















Pseudopodia merge 
round food particle. 


Amoeba forms two 


Cc l 
pseudopodia. oe 


268 * Contractile vacuole, 273; Cytoplasm, Nucleus, 238. * Cartilage, 281; Digit, 279 (Phalanges); Mammals, Osteichthyes, 341. 


































. Typical 
Animal feeding Arthropod mouth parts sae | tie 
. : Digestive structures 
Different animals take in their food | The mouths of arthropods’, e.g. : —_ ™ | 
in many different ways, and with insects, are made up of a number of | ; ‘i re eCrop. A thin-walled pouch, part of the 
many different body parts. Some different parts. Depending on the 3) 4 gullet (oesophagus") in birds; also a 
also have special internal animal’s feeding method, these may . inca ue ing similar structure in some worms, e.g. 
. look very different. The basic here).Usedfor earthworms, and some insects, e.g. 
mechanisms for dealing with the os a , 
final (ence h lik mouthparts, found in all insects, are the io grasshoppers. Food is stored in the 
00 (ot ers nave Numan-lKke mandibles, maxillae (sing. maxilla), eh crop before it goes into the gizzard. 
digestive systems =8O0 payee labrum and labium. The first two are Pigeon 
294-295). Listed here are some of also found in many other arthropods, 
the main animal body parts e.g. crabs and centipedes (some of are 
involved in feeding and digestion. | these other arthropods have two pairs Hie aera 
Sea anemone Cut-away of maxillae). of a: which a \ Cl  Boliece C 
— A — | S eee he seid Cakes ie Boay aaa - con Crop 
~ ~ ATT ' - 2 3 | a S fit together to make a long one ai fe 
oh pee a XY sucking tube, or proboscis. Yi 


Mandibles. Used for 
holding or biting food. 





ANS Gizzard 
aN Cloacal aperture or 


LN cloacal vent. Exit 
2 from the cloaca. 


Nematoc 


shoots out és 
eCajaniiined or thread cells. Special | <— a” Maxillae. In most 


The labium of Rea Grooves called | Tease 
cells found in large numbers on the is ai etched pad Wee (ing. peendolrachéa) food into mouth. 


tentacles* of coelenterates*,e.g.sea | sucking organ. 
anemones, used for seizing food. Each — a | 
one contains a nematocyst — a long ee an ‘ Labium. Lower lip. 
: eae ; fae See bez, In most cases manipulates 
thread coiled inside a tiny sac. When a : : food inte meu: 
tentacle touches something, the 


threads shoot out to stick to it or sting it. 







eGizzard. A thick muscular-walled 
pouch at the base of the gullet | 
(oesophagus) in those animals which | 
have crops. These animals have no 
teeth, instead food is ground up in the 
gizzard. Birds swallow pieces of gravel 
to act as grindstones; in other animals, 
the muscular walls of the gizzard do the 
job, or hard tooth-like structures 
attached to these walls. 















eRumen. The large first chamber of the 
complex “stomach” of some 


eFilter-feeding. The quays 
a 7 — “sieving” of food from fama, i 





















\ water, shown by plant-eating mammals", e.g. cows, tho cud Geunuicaee eae Rumen 
Diastema A many aquatic animals. Sgg into which food passes unchewed. It are called ruminants. 
eDiastema (pl. diastemata). A gap Barnacles, for = contains bacteria which can break - bai 
between the front and back teeth of instance, sieve out | down cellulose*. Other animals pass 
many plant-eaters. It is especially microscopic Barnacle > > this substance as waste, but these _ 
important in rodents, e.g. mice. They organisms, or - animals cannot afford to do this, as it 
can draw their cheeks in through the plankton*, with — Krill | Cirrus _—_ Plankton’ makes up the bulk of their food (grass). Abomacum —® First route of food \__ 
gaps, so they do not swallow bristly limbs called © ce : The partially-digested food, which has —® Second route of food ™ 
substances they may be gnawing. cirri (sing. cirrus). Ge also been processed in the second sie 
| Some whales Water and « (yee am chamber, or reticulum, is then eCaecum. Any blind-ended sac inside 
ee Repeal use frayed plates of fed regurgitated to be chewed, and is the body, especially one forming part 
adapted second upper premolar” and horny whalebone, or known as the cud. When it is of a digestive system. In many animals, 
first lower molar” of hunters, used for baleen, hanging swallowed again it bypasses the first e.g. rabbits, it is the site of an important 
shearing flesh and cracking bones. down from the top two chambers and is processed further stage of digestion (involving bacterial 
eRadula. The horny “tongue” of many jaw. They sieve out in the third and fourth chambers — the breakdown of cellulose* — see 
molluscs’, e.g. snails. It is covered by — small shrimp-like omasum and the abomasum (the true rumen). In other s, e.g. humans (see 
tiny teeth, which rasp off food. animals called krill. — water out stomach). large intestine”), it is redundant. 





270 = * Arthropods, Coelenterates, 340; Molars, 285; Molluscs, 340; Plankton, 342; Premolars, 285; Tentacles, 275. * Cellulose, 238 (Cell wall); Large intestine, 295; Mammals, 341; Oesophagus, 294; Palps, 274. 








Animal respiration 


The complex process of respiration consists 
of a number of stages (see introduction, page 
298). Basically, oxygen is taken in and used 
by body cells in the breakdown of food, and 
carbon dioxide is expelled from the cells and 
the body. Below are some of the main animal 
respiratory organs. 

®Spiracle. Any body opening through which 
oxygen and carbon dioxide are exchanged (e.g. a 
whale’s blowhole). The term is used especially for 
any of the tiny holes (also called stigmata, sing. 
stigma) found in many arthropods”, e.g. insects. 
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®Tracheae (sing. trachea). Thin tubes leading in 
from the spiracles of arthropods”, e.g. all insects 
and the most advanced spiders. They form an 
inner network, often branching into narrower 
tubes called tracheoles. Oxygen from the air 
passes through the tube walls to the body cells. 
Carbon dioxide leaves via the same route. 

. QW Lung book 





®Lung books or book 
lungs. Paired 
breathing organs found 
in scorpions (which 
have four pairs) and 
some (less advanced) 
spiders (which have 
one or two). Each one 
has many blood-filled 
tissue plates, arranged 
like book pages. Oxygen comes in through slits 
(spiracles), one by each lung book, and is 
absorbed into the blood. Carbon dioxide passes 
out the same way. 


®Siphon. A tube carrying water to 
(inhalant siphon) or from (exhalant 


siphon) the gills of many lower aquatic 
animals, e.g. whelks (see picture, page 





272 * Arthropods, Cephalopods, 340; Hyponome, 275. 


Gills 


Gills or branchiae 
(sing. branchia), are the 
breathing organs of most 
aquatic animals, 
containing many blood 
vessels. Oxygen is 
absorbed into the blood 
from the water passing 
over the gills. Carbon 
dioxide passes out the 
other way. There are two 
types of gills — internal 
and external. 

Breathing with gills 


1. Water comes in 
through mouth. 





2. Mouth closes, 
operculum opens. 





Water forced through 


gill slits (washing 
over gill 
filaments). 









Water “sucked” out 
between operculum 
and body wall. 


265). The exhalant siphon of 
cephalopods” (e.g. octopuses) is 
called the hyponome’”. 


Operculum has 
been removed. 


Cod >» 


filaments Gill slit 


Gill rakers are special 
attachments in cod and 






some other species. They 
filter out plankton* from 





lamellae 

®Internal gills. Gills inside the body, 
found in various forms in all fish, most 
molluscs”, e.g. limpets, and most 
crustaceans”, e.g. crabs. Most fish 
have four pairs of gills, with channels 
between them called gill slits. In more 
advanced fish, e.g. cod, they are 
covered by a flap called the 
operculum. In more primitive fish, e.g. 
sharks, they end in narrow openings in 
the skin on the side of the head. Each 
gill consists of a curved rod, the gill 
bar or gill arch, with many fine gill 
filaments, and even finer gill lamellae 
(sing. lamella) radiating from it. These 
all contain blood vessels. 


®External gills. Gills on the outside of 
the body, found in the young stages of 
most fish and amphibians*, some 
older amphibians and the young 
aquatic stages of many insects (e.g. 
caddisfly larvae* and mayfly 
nymphs”). Their exact form depends 
onthe type of animal, but in many cases 
they are “frilly” outgrowths from the 
head, e.g. in young tadpoles or axolotls 
(types of sala le 

Axolotl W 


External gills << . : d 
are soft y= 
and “frilly” , 


Branchial means i 
“of the gills” LY i 


* Amphibians, 341; Arthropods, 340; 
Molluscs, 340; Nymph, 277. 










the water. 


© Nephridia (sing. nephridium). 





= y Gill filaments | ®@Malpighian tubules. Long tubes 









Animal excretion 


Excretion — the expulsion of waste 
fluid — is vital to life. It gets rid of 
harmful substances and is also vital to 
the maintenance of a balanced level of 
body fluids (see homeostasis, page 
330). 


®Contractile vacuoles. Tiny sacs used 
for water-regulation in single-celled 
freshwater organisms. Excess water 
enters a vacuole via several canals 
arranged around it. When fully 
expanded, it then contracts and bursts, 
shooting the water out through the 
outer membrane. 







Paramecium Vv Vacuole 
Contractile aint , bursts 
vacuole ss“ Tl 


Canals Sa 


Waste-collecting tubes in many worms 
and the larvae* of many molluscs’, 
e.g. slugs. In higher worms, they collect 
from the coelom* (see picture, page 
265). Lower worms and mollusc larvae 
have more primitive protonephridia. 
The waste fluid enters these via hollow 
flame cells (solenocytes), which 
contain hair-like cilia*. In botha 
nephridium and a protonephridium, 
the waste leaves through atiny hole, or 


nephridiopore. Waste enters 


Flame hove 











Bunches of 


cilia* = st 3) 





found in many arthropods’, e.g. 
insects. They carry dissolved waste 
from the main body cavity 
(haemocoel”*) into the rear of the gut. 
pee picture, page 265. 





Cilia “268: Coelom, 265; Crustaceans, 340; Haemocoel, 265; Larva, 277: Plankton, 342: 





Catfish 
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LY; lah . respond to 
a water 
Babel. i movements. 


Locate food 
touch and taste. 


Animal senses and communication 


All animals show some sensitivity (irritability), i.e. response to external 
stimuli such as light and sound vibrations. Humans have a high overall 
level of sensory development, but individual senses in other animals may 
be even better developed, e.g. the acute vision of hawks. Listed here are. 
some of the main animal sense organs (and their parts). Their responding 
parts send “messages” (nervous impulses) to the brain (or more primitive 
nerve centre), which initiates the response. 


Hearing and balance 


e Lateral lines. Two water-filled tubes 
lying along each side of the body, just 
under the skin. They are found in all 
fish and those amphibians* which 
spend most of their time in water, e.g. 
some toads. They enable the animals to-'¥. 
detect water currents and pressure 
changes, and they use this information 
to find their way about. 


Touch, smell and taste 


Beod-seizing pincers The last segment of 
called chelae (sing. most arthropods” is 
chela). called the telson. 







Prawn 












has a cephalothorax - “ 


Antenna a fused head and thorax’. 


e Antennae (sing. antenna). Whip-like 
jointed sense organs on the heads of 
insects, myriapods* (centipedes and 
millipedes) and crustaceans”, e.g. 
prawns. Insects and myriapods have 
one pair, crustaceans have two. They 
respond to touch, temperature 
changes and chemicals (giving “smell” 
or “taste”). Some crustaceans also use 
them for swimming or to attach 
themselves to objects or other anipaéls, 





ater movements 
outside cause water 
to move in tube. 























endings 
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Tiny holes which 
open to outside 


eTympanal organs or tympani (sing. 

tympanum). Sound detectors found on} 3Ympanal 
the lower body or legs in some insects, 
e.g. crickets, and on the head in some 
amphibians’, e.g. frogs. Each is an air 
sac covered by a thin layer of tissue. , 
Sensitive fibres in the organs respond Mo 
to high frequency sound vibrations. 


Setae Cricket 


eStatocysts. Tiny organs of balance, 
found in many aquatic invertebrates", | ¢Palps. Projections 
e.g. jellyfish. Each is a sac with tiny of the mouthparts of ,- ~ 
particles called statoliths inside, e.g. arthropods’, e.g. insects. They 
sand grains. When the animal moves, respond to chemicals (giving “sme 
the grains move, stimulating sensitive or “taste”). The term is also given to 
cells which set off responses. various touch-sensitive organs. 





* Amphibians, 341; Arthropods, Crustaceans, 340; Invertebrates, 34] (Note 8); Myriapods, 341 (Note 5); Thorax, 264 ‘gmentation). 
(Segmentation). 



























Communication Sight 
Fly 
ePheromone. Any chemical made by an} Compound 








animal that causes responses in other 
members of the species, e.g. sexual 


attractants produced by many insects. 





eSyrinx (pl. syringes). The vocal organ 
of birds, similar to the larynx’*, but 
found at the base of the windpipe. 





Haltéres. Modified second 
pair of wings. Keep 
balance in flight. 





‘Facet (surface of a Thick, transparent | 














®Vibrissae (sing. vibrissa) or lens system) tt 
whiskers. Stiff hairs standing out from 
the faces of many mammals”, e.g. cats, 
round the nose. They are sensitive to i ., 
touch. Hyponome. Octopus rh ; 
Octopus shoots water out vo ii - Rhabdom oe 

of it to move by ' a 
ihe ital eee 


£ 
5 F 


sh a rt propulsion”. 
Pua a 





e Compound eyes. The special eyes of 
many insects and some other 
arthropods”, e.g. crabs. Each consists 
of hundreds of separate visual units 
called ommatidia (sing. ommatidium). 

_ Each of these has an outer lens system 
which “bends”, or refracts, light onto a 
rhabdom, a transparent rod 








Tentacles 
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eTentacles. Long, flexible body parts, 
_»found in many molluscs”, e.g. 
octopuses, and coelenterates”, e.g. 
jellyfish. In most cases they are used 
for grasping food or feeling, though the 
shorter of the two pairs found in land 
snails and slugs have eyes on the end. 
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Compound eye view of a flower (mosaic image) 
The cricket family stridulate, | 















surrounded by light-responsive cells. 

After receiving information from all 
the ommatidia (each has a slightly 
different angle of vision and may 
record different light intensity or 
colour), the brain assembles a 
complete mosaic image. This is 
enough for the animal’s needs, but not 
as well defined as the image produced 
by the human eye. 





(sing. seta). Bristles produced 
skin of many invertebrates”, 












: mana te Coelenterates, 340; Cuticle, 266; Invertebrates, 341 (Note 8); Larynx, 298; Mammals, 341; Molluscs, 340; Pigments, 
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: : | ®Oviduct. Any ®Ovipositor. An eSpermatheca. A sac for storing sperm 
Animal reproduction 3 tube in females organ extending (male sex cells) in the female of many 
| through which fromthe backend invertebrates’, e.g. insects, and some 
Reproduction is the creation of new life. Most animals reproduce by either eggs or of many female lower vertebrates*, e.g. newts. The 
sexual reproduction’, the joining of a female sex cell, called an ovum, ova (female sex _ insects, through female receives the sperm and stores 
with a male sex cell, or sperm. Below are the main terms associated with cells) are which eggs are them until her ova (sex cells) are ready 
the reproductive processes of animals. Harvest mS es sat fet ae discharged. In laid. Inmany cases, to join with them (fertilization). Some 
ae q pe leh _ humans, the itislongandsharp, hermaphrodite animals (animals with 
eViviparous. A term development of the = 4 MP XS = Fallopian and is used to both male and female organs), e.g. 
describing animals such embryo”* occur insidé7= ED HL DEER . tubes*, uterus* pierce plant or earthworms, have spermathecae. They 
as humans, inwhichboth _ the female's body (the and vagina’* animal tissues “swap” sperm when they mate. 
the joining of the male fertilization is interna formthe oviduct. before laying. 
and female sex cells fertilization), and the « 


Complete metamorphosis (two Incomplete metamorphosis 


(fertilization) and the baby is born live. 


















TA ge TO different forms between egg and (gradual development in stages). 
eOviparous. A term and the egg ane eee ee ee — 3 
Snake hatching describing animals in contains the embryo called endopteryogotes. wy 
from egg which the development when laid. In other 7 
of the embryo” occurs cases, e.g. in many fish, 





inside anegg whichhas___ the many eggs each 
been laid by the mother. just contain an ovum 


Pupa (pl. pupae). ° 
Called chrysalis in 
butterflies. Outer 































In some cases, é.g. in (female sex cell) when skin is a hard 
birds, the male and laid, and the male then Veueeodneaet a, | 
female sex cells join deposits sperm (male moths by & cocoon + 
inside the female’s body sex cells) over them alas aa Nymph. Emerges from egg. “Mini” 
° eqs ° eqe . version of adult insect, but 
(internal fertilization) (external fertilization). Larva lL larvae). Sri tinek seeurutlancs chy Manned Ke, 
; rnames, e.g. grub ings either i ly st f 
j Cleidoi Albumen. The “white” of the egg — (beetles), maggot (houseflies), aed cepeded ior A Arg 
e Eggs. There are two main idole €9J providing protein and water. pe wie; oe (moths and butterflies). of inner organs missing. Nymph 
: . . mnion. Thin layer Sheds skin several times to allow undergoes several ecdyses (see 
types of egg. Cleidoic eggs Yolk (rich in phosphorus of tissue, making | for growth (process called ecdysis, larva), with some hcasle 





are produced by most and fat). Gradually se amniotic sac common to all arthropods”). 


i : : : : absorbed by embryo, ™ which contains 
egg laying animals which live together with surrounding Y », cushioning 


on land, e.g. birds and most yas sac (urna embryos f ~! een 
reptiles*,andalsobyafew —attachedto them). - 
aquatic animals, e.g. sharks. 
Such an egg largely isolates 
the embryo“ from its Chalazae (sing. 
: : chalaza). 
surroundings, allowing only Tasaend herde of 
gasestopassthroughitstough albumen, holding 


emerging each time. 




























Sticky pad 
of silk 









Mature adult 












: yolk in place / . (imago) 
shell (waste matter is stored). and acting as ih ' Final ecdysis (see larva) Mature adult 
It contains enough food (yolk) shock absorbers. § results in pupa (imago) 
for the complete development 

° e . 
of the embryo, and the animal ‘, oa re SE | oo The at and : : ore 
emerges as a tiny version of Shell 7 : . | pment of some animals involves and most amphibians”, e.g. frogs, 
the adult. The other type of Allantois. Has ut | intermediate forms which are very undergo some degree of 
: many blood \ L 7 i mae j 
egg, produced by most aquatic ay or | ’ different from the adult form. metamorphosis (intermediate larval 
7 ‘+ carry gases between if — | Metamorphosis is a series of such forms are common, e.g. legless 

animals, e.g. most fish, has a soft © Saisas ant cumide he clase a hii fa ee ; 
outer membrane, through which Also present in early _f Bird Mees, PISCUCING 2 COMpiete OF adpoles in frogs and toads). Above are 
water and waste matter (as well _°t@9@8 of human development. embryo* partial transformation from the young examples of insect metamorphosis 

Th : Canad ecieueel form to the adult. All insects, most (two different kinds — complete and 
ae enmepenpane: 728 Smears’ Oxygenin Carbon through shell marine invertebrates”, e.g. lobsters incomplet t hosi 
young are not fully developed. dioxide out| and air space. » Oo plete metamorphosis). 





276 * Amphibians, 341; Arthropods, 340; Fallopian tubes, 317; Invertebrates, 341 (Note 8); Uterus, Vagina, 317: Vertebrates, 34] 
* Embryo, 321; Reptiles, 341; Sexual reproduction, 320; Vestigial, 295 (Appendix). (Craniata). 
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The skeleton 


The human skeleton is a frame of 
over 200 bones which supports and 
protects the body organs (the 
viscera) and provides a solid base 
for the muscles to work against. 


e Cranium or skull. A case protecting 
the brain and facial organs. It is made 
of cranial and facial bones, fused at 
lines called sutures. The upper jaw, for 
instance, consists of two fused bones 
called maxillae (sing. maxilla) 


Orbit (eye 
socket) 









Cranium | 


Lower jaw, 
or mandible, 
attached by 
hinge joint* 
bones fuse 
®Rib cage. A cage of bones forming the 
walls of the thorax or chest area. It is 
made up of 12 pairs of ribs, the 
thoracic vertebrae and the sternum. 
The ribs are joined to the sternum by 
bands of cartilage* called costal 
cartilage, but only the first seven pairs 
join it directly. The last five pairs are 
false ribs. The top three of these join 
the sternum indirectly — their costal 
cartilage joins that of the seventh pair. 
The bottom two pairs are floating ribs, 
only attached to the thoracic vertebrae 
at the back. 


















Rib cage en 


f 
er 


— 


Costal 
cartilage 
(allows cage 
to expand 
and contract 
during 
breathing) 


4 


" False 
Floating Qa 4 ribs 
ribs fr ~~ 


Thoracic | ‘~ 


vertebrae / 


* Cartilage, 281; Hinge joint, 280; Spinal cord, 302. 





Suture where 
























Vertebral 
column 


eVertebral column. Also called the 
spinal column, spine or backbone. A 
flexible chain of 33 vertebrae which 
protects the spinal cord*, supports the 
head and provides points of 
attachment for the pelvis and rib cage. 


e Vertebrae (sing. vertebra). The 33 


bones of the vertebral column. A Rib 
typical vertebra has a thick “chunk” en 
(the centrum or body), various 

projections, or processes (named | 

below) and a central hole — the 

vertebral foramen (pl. foramina). The i 


foramina together form the neural, ) 
spinal or vertebral canal, through 
which the spinal cord* runs. 





















Typical vertebra Centrum Gap called 
(thoracic vertebra). Pedicles. Short invertebral 
Seen from above. joining pieces. foramen 

































s , Vertebra 

Superior articular 

processes. Form 

joints with 

vertebra 

above. bral 
Toe Facet. Area 
foramen where a 

Transverse rib is 


processes. attached. 


For muscle 
attachment. 










Inferior articular 
processes (underneath, 
not visible here) form 
joints with vertebra below. 







Spinous process or 
neural spine. For 
muscle attachment. 













Dens fits 
in here. 


Atlas (from 
above) 


The different vertebrae are named 

around the skeleton on the next page. . 
The top 24 are movable and linked by | 
invertebral discs of cartilage*. The 

bottom nine are fused together. They 

all have the typical structure described 

above, except for the top two, the atlas 

and axis. The atlas (top vertebra) has a 

special joint with the skull which 

allows the head to nod. The axis has a 

“peg” (the dens or odontoid process) 

which fits into the atlas. This forms a 

pivot joint, a type of joint which allows 

head rotation. 





above) 


Dens 


* Ligament, 280; Spinal cord, 302. 










































The bones of 


Cranium 
the skeleton 
7 cervical vertebrae a 
support the neck. The top Clavicle or 





two are the atlas and axis. 


+ ee collarbone 


Scapula or a —— 

shoulderblade a a gg OT i 
Sternum or 

breastbone 


12 thoracic 
vertebrae support 
the ribs. 


re vi 
A Humerus 


Radius (on 

the thumb 
The 5 lumbar side) 
vertebrae are 


in the lower 
back (lumbar) 
region. : 


The 5 sacral 
vertebrae at 
the base of 
the column 
are fused 
together to 
form the 
sacrum. 






Ulna (on 
the little 
finger side) 


Carpals ' 
(wrist bones), 
collectively 
called a 


a y 


Metacarpals (hand 
bones), collectively called 
a metacarpus. 


Femur or 
thighbone 


Coccyx. An area of 4 
fused coccygeal 
vertebrae 

below the sacrum. 


Pelvis, pelvic 

girdle or hip girdle. 
Each side is made up 
of 3 bones -— the ilium, 
pubis and ischium. 


Patella or 
kneecap 


Tibia or 
shinbone 


Tarsals (ankle bones), 
collectively called a 
tarsus. 


Fibula 


Metatarsals (foot 
bones), collectively 
Phalanges (sing. called a metatarsus. 
phalanx). The bones 
ofthe digits—fingers ~ / 
and toes. j; 





Joints and bone 


The bones of the skeleton meet 
at many joints, or articulations. 
some are fixed joints, allowing 
no movement, e.g. the sutures* 
of the skull. Most, however, are 
movable, and they give the body 
great flexibility. The most 
common are listed below. | 





Hinge joint 

(knee hk 

joint) rd 
ar A 
Patella* Tibia 


e Hinge joints. Joints (e.g. the knee 
joint) which work like any hinge. 


That is, the movable part (bone) can 
only move in one plane, i.e. in either 


ef two Epon ale 








slide over 
each other. 


eGliding joints. Also called sliding 
or plane joints. Joints in which one 
or more flat surfaces glide over each 
other, e.g. those between the 
carpals*. They are more flexible 
than hinge joints. 


Ball-and-s 
(hip joint) 


(between caxpals*) 


ket joint z& Pelvis’ 





eBall-and-socket joints. The most 
flexible joints (e.g. the hip joint). The 
movable bone has a rounded end 
which fits into a socket in the fixed 
bone. The movable bone can 
swivel, or move in many directions. 















* Carpals, Femur, Patella, Pelvis, 279; Sutures, 278 (Cranium); Tibia, 279; Vertebrae, 278. 


Connective tissue 


There are many different types of 
connective tissue in the body. They all 
protect and connect cells or organs 
and have a basis of non-living material 
(the matrix) in which living cells are 
scattered. The difference between 
them lies in the nature of this material. 
The various types of tissue found at a 
joint, including bone itself, are all types 
of connective tissue. They all contain 
protein fibres and are either tough 
(containing collagen fibres) or elastic 
(containing elastin fibres). 


®Periosteum. A thin layer of elastic 
connective tissue. It surrounds all 
bones, except at the joints (where 
cartilage takes over), and contains 
osteoblasts — cells which make new 
bone cells, needed for growth and 
repair. 


eLigaments. Bands of connective tissue 
which connect the bones of joints (and 
also hold many organs in place). Most 
are tough, though some are elastic, e.g. 
between vertebrae”. 


eBone or osseous tissue. A special type 
of tough connective tissue, made hard 
and resilient by large deposits of 
phosphorus and calcium compounds. | 
The living bone cells, or osteocytes, 
are held i in n tiny spaces (lacunae, sing. 

lacuna) within this 

non-living material. 





Long bone (femur*) 


* ot 
“gal ree etese 7 Wa. Trabeculae of 
( es af... * Cres . . spongy bone 
\ See seig tM: ats (contain red 
a Oe 4 eee marrow) 







Periosteum 


x a bone 
Beginning of - 


diaphysis or shaft NX 







eSynovial sac or synovial capsule. 
A cushioning “bag” of lubricating 
fluid (synovial fluid), with an outer 
skin (synovial membrane) of 
elastic connective tissue. Most 
movable joints, e.g. the knee, have 
such a sac lying between the bones. 
They are known as synovial joints. 









Knee joint Tendon 


Patella* (covered 
by periosteum) 


Femur” 
(covered by 


Articular v 
cartilage periosteum) 
“a / Ligament 
(covered by — 7 (4 Fibula* 
periosteum) ; , 4 (covered by 
q 4 periosteum) 


There are two types of bone. Spongy 
bone is found in short and/or flat bones, 
e.g. the sternum”, and fills the ends of 
long bones, e.g. the femur”. It consists 
of a criss-cross network of flat plates 
called trabeculae (sing. trabecula), 


Compact 
bone 





Lamellae 










Lacuna with 
osteocyte 















Periosteum 








Medullary cavity | 
(contains yellow 
marrow) 












(carries blood 
vessel in from 
outside) 


* Femur, Fibula, Patella, Sternum, Tibia, 279; Vertebrae, 278. 






Blood vessel in 
Haversian canal 


Volkmann’s canal 


eTendons or sinews. Bands of tough 
connective tissue joining muscles to 
bones. Each is a continuation of the 
membrane around the muscle, 
together with the outer membranes 
of its bundles of fibres. 


eCartilage or gristle. A tough 
connective tissue. In some joints 
(cartilaginous joints) it is the main 
cushion between the bones (e.g. 
vertebrae”). In joints with synovial 
sacs, it covers the ends of the bones 
and is called articular cartilage. 





The end of the nose and the outer 
parts of the ears are made of 
cartilage, as are young skeletons, 
though these slowly turn to bone as 
minerals build up (a process called 
ossification or osteogenesis). 


with many large spaces between them, 
filled by red marrow (see bone 
marrow). Compact bone forms the 
outer layer of all bones. It has far fewer 
spaces, and is laid in concentric layers 
(lamellae, sing. lamella) around 
channels called Haversian canals. 
These link with a complex system of 
tiny canals carrying blood vessels and 
nerves to the osteocytes. 


® Bone marrow. Two types of soft 
tissue. Red marrow, found in 
spongy bone (see bone), is 
where all new red (and some 
white) blood cells are made. 
Yellow marrow is a fat store, 
found in hollow areas (medullary 
or marrow Cavities) in long 
bone shafts. 









Bending arm 


Biceps is 
agonist 


_ @a 
Muscles ee \ X) 
Muscles are areas of special 
elastic tissue (muscle) found all 
over the body. They may be either 
voluntary muscles (able to be 
controlled by conscious action) or 
involuntary muscles (not under 
conscious control). The main types da tinsbes 
of muscles are listed at the top of the next page. am 






Tricepsis ~ 
» antagonist /// 







7 Biceps is 
antagonist 
Tendons* 


® Antagonistic pairs or opposing pairs. The pairs into 
which almost all muscles are arranged. The members of 
each pair produce opposite effects. In any given 
movement, the muscle which contracts to cause the 
movement is the agonist or prime mover. The one which 
relaxes at the same time is the antagonist. 


The structure of muscle tissue 


The different types of muscles in the 
body are made up of different kinds of 
muscle tissue (groups of cells of 
different types). The tissue has many 
blood vessels, bringing food matter to 
be broken down for energy, and 
nerves, which stimulate the muscles to 
act. : 
Skeletal muscle 


(made of striated 
muscle tissue). 


eStriated or striped muscle. The type 
of muscle tissue which makes up 
skeletal muscles. It consists of long 
cells called muscle fibres, grouped 
together in bundles called fascicles. 


Actin filaments Myosin filaments 














Filaments | 
slide past »,, 
each other ~~ 


Each fibre has a striped (striated) 
Fibril appearance and is made of many 


smaller cylinders, called fibrils or 
myofibrils, which are the parts that 

Cy eeleama) contract whena fibre is stimulated by a 
‘ nerve. The fibrils themselves consist of 

interlocking filaments, or myofilaments, of two 

different types of protein — actin (thin filaments) and 

myosin (thicker filaments). These filaments slide 

past each other as a muscle contracts. 


Muscle fibre 
enclosed 


Fascicle enclosed 
by membrane 
(perimysium) 


Tough outer layer 


of muscle 
(epimysium) 


* Humerus, Radius, Scapula, 279; Tendons, 281; Ulna, 279. 






































These 
are all 
skeletal 
muscles 


eCardiac muscle. A special 
kind of striated muscle 
tissue, making up the 
cardiac muscle of the 
heart. Its constant 
rhythmical contractions are 
caused by stimulations 
from special areas of the 
tissue itself, which produce 
their own electrical 
impulses. Any nervous 
impulses just increase or 
decrease this heart rate. 


e Smooth muscle or visceral 
muscle. The type of muscle 
tissue which makes up the 
visceral muscles. It 
consists of spindle-shaped 
cells, much shorter than the 
complex fibres of striated 
muscle. The way it 
contracts is not yet fully 
understood, but it contains 
actin and myosin, like 
striated muscle, and is also 
stimulated by nerves. 


Types of muscles 


eSkeletal muscles. All the muscles 
attached to the bones of the skeleton, 
which contract together or in sequence 
to move all the body parts. They 
are all voluntary muscles (see 
introduction) and are made of 
striated muscle tissue. Some 
are named according to 


after the movement they 
cause, e.g. flexors cause 
flexion (the bending of a 
limb at a joint), extensors 


eCardiac muscle. The 
muscle which makes up 
almost all of the wall of 
the heart. It is an 
involuntary muscle 
(see introduction) and is 
made of cardiac muscle 
tissue. 


e Visceral muscles. The 
muscles in the walls of 
many internal organs, 
e.g. the intestines and 
blood vessels. They are 
all involuntary muscles 
(see introduction) and 
consist of smooth 
muscle tissue. 


their position, shape or 
size, others are named 


straighten a limb. 


Nervous stimulation 


Most muscles are stimulated to move by 
impulses from nerves running through the 
body. For more about this, see pages 308-309. 


Motor 
a ond: -plate 


& 
y V } 
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Motor end-plate. The point 
where the end fibres of an 
“instruction-carrying” nerve 
cell (motor neuron“) meet a 
muscle fibre (see striated 
muscle). The end fibres are 
branches from one main fibre 
(axon*). This carries nervous 
impulses which make the 
muscle contract. Each impulse ! > 
is duplicated and sent down 
each end branch, hence the 
whole muscle receives a 
multiplication of each impulse. 


* ‘ 
as Axon" ‘of motor et 
neuron* 


& ‘Sgaies \Va 


@Muscle spindle. A group of muscle fibres (see 
striated muscle) which has the end fibres of a 
sensory nerve cell (sensory neuron*) wrapped 
round it. The end fibres are part of one main 
fibre (dendron*). When the muscle stretches 
they are stimulated to send impulses to the 
brain, “telling” it about the new state of tension. 
The brain can then work out the changes 
needed for any further action. 





* Axon, 304; Dendron, 304 (Dendrites); Motor neurons, Sensory neurons, 305. 





Te eth | polars 


The teeth or dentes (sing. dens) help to prepare food for digestion by 
cutting and grinding it up. Each tooth is set into the jaw, which has a soft 
tissue covering called gum (gingiva). During their lives, humans have two 
sets of teeth (dentitions) — atemporary set, or deciduous dentition, made 
up of 20 deciduous teeth (also called milk or baby teeth), and a later 
permanent dentition (32 permanent teeth). 


eMolars. Blunt, broad 
teeth, similar to 
premolars but witha 
larger surface area. 
They are also used for 
crushing and grinding, 
and each has four 
surface points (cusps). 
Lower molars have two 
roots each, and upper 
ones have three. In the 
permanent set of teeth 
there are six in each jaw, 
three behind each pair 
of premolars, and the 
third ones (at the back) 


are known as wisdom 
Incisors (replace eight temporary incisors). teeth 


Molar (only Crown . 
Parts of a tooth one shown) Enamel ®Neck or cervix. The | 


\ Pulp Part of a tooth just | 
/\ cavity below the surface, 

lying between the 

crown and the root. 
ment 

e Enamel. A substance 

similar to bone, 

though it is harder 

(the hardest 

substance in the 





e Crown. The exposed 
part of a tooth. It is 
covered by enamel. 
It is the part most 
subject to damage 
or tooth decay. 


=< 


®Root. The part of a 
tooth that is fixed ina 


a 


Canines (replace four temporary canines). ®Wisdom teeth. Four molars (the third 


OO 
H/ Ni ij 


TLL Pe 





socket in the jaw. 3 \ De ae res te ones in line), lying at the end points of 

Incisors and canines Rod RIA living cells. It consists | , aoe P 

nad ee i? ‘ TNS of tightly- packed Premolars (replace eight temporary molars). the jaws. They appear last of all, when 
; o— oe : son is fully mature (hence their 

premolars have one Ki ——— —_ee.. crystals of apatite, a Molars (appear behind premolars and oo oh . ‘4 : ue hae the 

or two and molars Tiny blood vessels 4-~-~g-=, Chisel-shaped mineral made up of oo nal reprece any dechaneds teeth), Ra ere peers wn Tem Toe ¢ vn 

ieee eeee os ea \ crown calcium, phosphorus to come through and they get stuck in 

; Incisor (only : ot Types of teeth the jawbone, or impacted. A few 
Each root is held in one shown) | Cuamel and fluorine. 


people never develop wisdom teeth. 


place by the tough 

fibres of a ligament* \_f : Cement or 

called the ' cementum. A bone- 

periodontal 1s EEE like substance, similar 

ligament. The fibres to enamel but softer. | 

are fixed to the It forms the thin ) e Canines or cuspids. Cone-shaped 

jawbone at one end, surface layer of the teeth (often called eye or dog teeth), 

and to the cement at root and is attached to used to tear food. Each has a sharp 

the other. They act as o the jaw by the point (cusp) and one root. There are 

shock absorbers. Single™ “2 @ulp 4 ~—speriodontal ligament two in each jaw, one each side of the 
root cavity (see root). incisors. In animals which hunt and 

kill, they are long and curved. 


eIncisors. Sharp, chisel-shaped teeth, 
used for biting and cutting. Each has 
one root, and there are four in each jaw, 
set at the front of the mouth. 


Gum 


ve 


AN AV ib. 


= Aw | 
. s 
4 
tin THOTTTILPTA 
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©Dentine or ivory. A yellow ePulp cavity. The central area of a tooth, 
substance which forms the second surrounded by dentine. It is filled with a 4 ePremolars or bicuspids. Blunt, broad 
layer inside a tooth. Like enamel, it soft tissue called pulp, which contains | teeth, used for crushing and grinding 
has many of the same constituents as blood vessels and nerve fibre endings. (found in the permanent set of teeth 
bone, but it is softer and it also . These enter at the base of a root and run only). There are four in each jaw, two 
contains collagen” fibres and up to the cavity inside root canals. The behind each canine. Each has two 
strands of cytoplasm”. These run blood vessels supply food and oxygen to sharp ridges (cusps) and one root, 
out from the pulp cells in the pulp the living tissue and the nerve fibre except the upper first premolars, 
cavity. endings are pain receptors”. which have two. 





284 * Collagen, 280 (Connective tissue); Cytoplasm, 238; Ligaments, 280; Pain receptors, 311. 
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Blood 


Blood is a vital body fluid, consisting of plasma, platelets and red and 
white blood cells. An adult human has about 5.5 litres (9.5 pints), which 
travel around in the circulatory system* — asystem of tubes called blood 
vessels. The blood distributes heat and carries many important 
substances in its plasma. Its old, dying blood cells are constantly being 
replaced by new ones in a process called haemopoiesis. 













Eo SS Platelets or 
alia thrombocytes. Very | 
small, disc-shaped 
bodies with no 
nuclei*, made in the 


Blood constituents 


@ Plasma. The pale liquid (about 90% 
water) which contains the blood 
cells. It carries dissolved food for 
the body cells, waste matter and bone marrow”. They 
carbon dioxide secreted by them, se P gather particularly at 
antibodies to combat infection, and] peg OT an injured area, where 
enzymes” and hormones” which 


control body processes. pe a: the clotting of blood. 


@ White blood cells. Also called white 
corpuscles or leucocytes. Large, 
opaque blood cells, important in body 
defence. There are several types. 
Lymphocytes, for example, are made 
in lymphoid tissue* and are found in 
the lymphatic system” as well as 
blood. They make antibodies. Other 


Lymphocyte — } ere 


Red blood Red blood 
cells with cells without 
oxygen oxygen 





© Red blood cells. Also called red 
corpuscles or erythrocytes. Red, 
disc-shaped cells with no nuclei”. 
They are made in the bone marrow" 


and contain haemoglobin (an iron white cells — monocytes — are made in 
compound which gives blood a dark bone marrow”. They “swallow up” ‘| 
red colour). This combines with foreign bodies, e.g. bacteria, ina 

oxygen in the lungs to form process called phagocytosis*. Many 
oxyhaemoglobin, and the blood of them (macrophages) leave the 

becomes bright red. The redcellspass blood vessels. They either travel 

the oxygen to the body cells (by around (wandering macrophages) or 
diffusion*)andthenreturntothelungs become fixedinanorgan,e.g.alymph 

with haemoglobin. node“ (fixed macrophages). 


* Bone marrow, 281; Circulatory system, 288; Diffusion, 327; Enzymes, 331; Hormones, 334; Lymphatic system, Lymph nodes, 293; 
Lymphoid tissue, 293 (Lymphoid organs); Nucleus, 238; Phagocytosis, 268 (Pseudopodium). 








© Blood groups. The main Rhesus factor or Rh 


























way of classifying blood. factor. A second way 
The group depends on of classifying blood 
whether the antigens A or (as well as by blood 
B are present in the red group). If it contains 
blood cells. Group A blood the Rhesus antigen, it 
has A antigen, group B has is Rhesus positive 

B, group AB has both and blood. If not, it is 


group O has neither. Rhesus negative. 


® Antibodies. “Defence” proteins in body fluids, e.g. 
plasma. They are made by lymphocytes (see 
white blood cells) when antigens appear in the 
body. A different antibody is made for each 
antigen, and they act in one of a number of 
different ways. Anti-toxins neutralize toxins (see 
antigens). Each one joins witha 
toxin molecule, making an 
antigen-antibody complex. 


























e Antigens. Agglutinins stick together the 
Substances, bacteria or viruses with their 
mostly antigens. Lysins 
proteins, kill them by 


which cause the production of 
antibodies to combat them 
and any infection they may 
cause. They may form part of 
bacteria or viruses, or they 
may be toxins (poisons) released by them. Some 
are present in the body from birth, e.g. those 
determining blood group. 


dissolving their 
outer membranes. 















Blood loss 
at wound 






Platelets produce Fibrin Clot 
thromboplastin fibres ‘ y formed 



















Prothrombin tums Clot will dissolve 





Blood vessel turns into Thrombin acts on fibrinogen into thrombin once blood vessel 
fibrin " is repaired. 
© Clotting or coagulation. The | harden into fibrin, a fibrous substance. 


thickening of blood into a mass (clot) at A network of its fibres makes up the 
the site of a wound. First, disintegrating __jelly-like clot. 

platelets and damaged cells release a @Serum. A yellowy liquid consisting of 
chemical called thromboplastin. This _ the parts ofthe blood left after clotting. 


causes prothrombin (a plasma It contains many antibodies (produced 
protein) to turn into thrombin (an to combat infections). When injected 
enzyme”). This then causes into other people, it can give 


fibrinogen (another plasma protein) to temporary immunity to the infections. 





* Enzymes, 331. 

































The main blood 
vessels of the 
head, heart and 
lungs are named 
on page 290. 


The main 
arteries and 
veins 


The circulatory system 


The circulatory or vascular 
system is a network of > Arteries, arterioles, capillaries 
blood-filled tubes, or blood >» Capliterina,sdinaniac eee 
vessels, of which there are | | 
three main types — arteries, 
veins and capillaries. A thin 


Passage of main substances in 
circulatory system. 


Left subclavian artery 


Five on right, 
Left subclavian vein 


astopfive \~ 


on left SS 


Left brachial vein 
Left cephalic 





tissue layer called the vein 
endothelium lines arteries eft brachial 
and veins, and is the only layer artery 

| j Inferior vena Aorta* 
of capillary walls. Blood is ries eo 
kept flowing one way by the Renate asia 
pumping of the heart, by A Dissolved food Ae Food and oxygen © artery 
muscles in artery and vein 3. ee Hepatic portal — — Gastric vein 

‘ ti Newly- vein* : 
walls and by a decrease in LQ" digested food @ Oxygen Superior _ 
mesenteri¢ ic vein 













‘adie foe ae E em i isa oo O Carbon dioxide O Waste es ente} . | + > , re ic vein 
iquids flow from high to low ery : ; om 

Some food used Oxygen breathed in, . 
pressure ar eas). * by organ’s cells @ carbon dioxide out @ Waste disposed of te 





e e art ‘ i 
e Capillaries. Narrow, oy 


thin-walled blood 





e Arteries. Wide, thick-walled blood e Veins. Wide, thick-walled blood 



































vessels, making up the arterial vessels, making up the venous system vessels, branching off - those : 
system and carrying blood away from and carrying blood back to the heart. arterioles (see os 
the heart. Smaller arteries (arterioles) | They contain valves to stop blood arteries) to forma i 
branch off the main ones, and flowing backwards due to gravity, and complex network. j 
capillaries branch off the arterioles. are formed from merging venules Oxygen and dissolved oo 
Except in the pulmonary arteries”, (small veins). These are formed in turn food pass out through iid 
the blood contains oxygen (which from merging capillaries. The blood their walls to the body 
makes it bright red). In all arteries it contains carbon dioxide (except in the cells, and carbon Right femoral vein 
also carries dissolved food and waste, pulmonary veins”) and waste matter, dioxide and waste eicsienianie Fivecn lok. 
brought into the heart by veins, and both picked up from body cells by the pass in (see tissue artery - oe on 
there transferred to the arteries. These capillaries. The blood in the veins fluid, page 292). The Bish gous . 
carry the food to the cells (via leading from the digestive system and capillaries of the saphenous vein 
arterioles and capillaries) and the liver also carries dissolved food. This is digestive organs and 
waste to the kidneys. transferred to the arteries in the heart. liver also pick up eS eeee 
food. Capillaries tea 
—— eng we Yaeee finally join up again to circles) are not in 
v ayer ; the night places. 
Pe diate y : ; S J x form small veins 
ren A <P Y ala . > enules). oe 
Co a LY ¢ il ti 4 > Smooth i a <q Capillary bes = Peperees 
v Ja i | 7 ae 4 muscle* 2. Lungs 7. Intestines 
a re teres 8. Kidneys 
P| Endothelium # Sitineeh © bboiitactaiatlaiaai 
pmooth 5. Spleen See page 316. 









alve (infoldings 
f endothelium and 
fibrous tissue) 





of muscle’ oe 
m Single layer — 
(endothelium) 







' rf Mndothelium 






288 — - pulmonary 


ary arte ; * Aorta, 291; Hepati rtal vein, 296 (Li : i : 
perenne orta epatic po vein, 296 (Liver); Inferior vena cava, 291; 


Smooth muscle, 283. et Renal arteries, Renal veins, 300 (Kidneys). 

















Cardiac means “of 
or near the heart” 





Cardiac cycle 


> 













1. Atria in systole 
phase, ventricles 
in diastole phase. 


The heart 


The heart is a muscular organ which 
pumps blood around the blood vessels 4' 
(the heart and blood vessels together 
are the cardiovascular system). It is 
surrounded by the pericardial sac. This 
consists of an outer membrane (the 

pericardium) and the cavity : 
(pericardial cavity) between it and the | 


The cardiac cycle 


Pulmonary means 
“of the lungs” 


contract to pump it out. 
The cardiac cycle is the The relaxing phase of a 
series of events which chamber is its diastole 
make up one complete phase; the contracting 
pumping action of the phase is its systole 
heart, and which can be phase. There is a short 
heard as the heartbeat \ pause after the systole 
(about 70 times a minute). phase of the ventricles, 


First, both atria contract during which all 
and pump blood into chambers are in diastole 





Aortic valve closed 


Left AV 2. Atria in diastole phase, 
valve ventricles in systole 
open phase. 














Pulmonary 
valve open 













heart. This cavity is filled with a their respective phase (relaxing). The 
cushioning fluid (pericardial fluid). The ventricles, which relax different valves which 3,44 | iced ae 
heart has four chambers - two atria and to receive it. Then the open and close during (without oxygen) oxygen) goes Atria 
° . . . . l d k : the Cc cle are defined goes into ventricle. into ventricle. fill up. 
two ventricles, all lined byathintissue  p.<ii5, ¢ atria relax and take in ycl 
layer called the endocardium. heart blood, and the ventricles below right. Right AV ben ay 
vaive close 
: losed 
The chambers of the Right common /, Left common carotid artery The main arteries Blood (without oxygen) = gs 
ycarotidarteryy .,  , : ‘ ‘ ° goes into pulmonary : 
: Left internal jugular vein d Restie 
heart Right internal Tat and veins trunk. 
fag vein , Left subclavian artery valve 
4. Left al j : ® Aorta. The largest artery’ in the Blood (with oxygen) cane 
Right subclavian artery “a / en external jugular vein : goes into aorta. 


Left subclavian vein body. It carries blood with fresh 
Left brachiocephalic vein OXY gen out of the left ventricle to 
begin its journey round the body. 


Right subclavian vein 
Right external jugular vein 


Brachiocephalic artery 
Right pulmonary artery 













Left pulmonary 
artery @Pulmonary trunk. The artery* 


which carries blood needing fresh 
oxygen out of the right ventricle. 
After leaving the heart, it splits into 
the right and left pulmonary 
arteries, one going to each lung. 






Right brachiocephalic vein 





Open flaps of 

aortic valve 
Pulmonary trunk a cy 
Closed flaps of 
pulmonary valve 
eSemilunar valves. Two valves, so 
called because they have crescent- 
shaped flaps. One is the aortic valve 
between the left ventricle and the 
aorta. The other is the pulmonary © 
valve between the right ventricle and 
the pulmonary trunk. 


Closed cusps 






Right pulmonary veins 






Left pulmonary veins 






Superior vena cava 






Left atrium 






eSuperior vena cava. One of the two 
main veins’. It carries blood 
Muscular wall needing fresh oxygen from the 
upper body to the right atrium. All 
the upper body veins merge into it. 


e Atria (sing. atrium) or Left ventricle 
auricles. The two upper 
chambers. The left atrium 
receives oxygenated 
blood (blood with fresh _ Right 
oxygen — see also — 
haemoglobin") from the 

lungs via the pulmonary 


veins. The right atrium Ma 
j ce Oxygenated blood 
receives deoxygenated =P Oxyg 


blood from the rest of the Inferior vena cava Aorta emp Deoxygenated blood 
body via the superior and 












» of left 
\ AV valve 








Septum (thick . 
ae e Inferior vena cava. One of the two 


main veins*, carrying blood 
needing fresh oxygen from the of right 


lower body to the right atrium. All _ AV valve 
the lower body veins merge into it. e Atrioventricular valves or AV 


valves. Two valves, each between an 
atrium and its corresponding 






Open cusps 







Right ventricle 






— 







e Pulmonary veins. Four veins* 







inferior vena cavae. This | eVentricles. The two lower chambers. The left which carry blood with fresh ventricle. The left AV valve, or mitral 
is blood whose oxygen has ventricle receives blood from the left atrium and oxygen to the left atrium. Two right valve, is a bicuspid valve, i.e. it has 
been used by the cells and pumps it into the aorta. The right ventricle pulmonary veins come from the two movable flaps, or cusps. The right 
replaced by carbon receives blood from the right atrium and pumps it right lung, and two left pulmonary AV valve is a tricuspid valve, i.e. it has 
dioxide. — via the pulmonary trunk to the lungs. 1 veins come from the left lung. three cusps. 





290 = * Haemoglobin, 286 (Red blood cells). * Arteries, Veins, 288. 
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Tissue fluid and the lymphatic system 


The smallest blood vessels, called capillaries*, are those in the most 
direct contact with the individual cells of the body, but even they do not 
touch the cells. The food and oxygen they carry finally reaches the cells in 
tissue fluid, a substance which forms the link between the circulatory 
system”* and the body’s drainage system, Known as the lymphatic 


The lymphatic system 
Movement of substances in tissue fluid 


v 
Prom heart : 


To neck 
area 












Right lymphatic 
duct 












Thoracic duct 







Area drained 
by thoracic 






Lymph 
node 













Group of lymp : 
nodes in armpit|/ ~ 2 






Subclavian 
veins* 









Area drained 
by right 
lymphatic dugq 










mii Tissue fluid with oxygen and food 
mai Tissue fluid with carbon dioxide and waste 
maf. Proteins and some waste 


mnie Lymph 


Tissue fluid. Also called intercellular or 
interstitial fluid. A fluid which surrounds the 
body cells. It seeps out from the blood through 
the walls of capillaries* (mainly at their 
high-pressure ends, after they have branched 


from arterioles”) and is essentially plasma”, oe 


together 
though with fewer proteins. It carries oxygen 
and dissolved food to the body cells, and idaaba 


carbon dioxide and waste matter away from 
them. These latter substances enter the capillaries 
(mainly at their low-pressure ends, before they form 
venules*). The protein molecules not needed by 
the cells are too large to re-enter the capillaries. 
They pass, with some of the waste, into the 
lymph capillaries (see lymph vessels), 

whose walls are more easily penetrated. 


* Arterioles, 288 (Arteries); Capillaries, 289; Circulatory system, 288; Plasma, 286; ee 
Subclavian veins, 289; Venules, 288 (Veins). ee? 


















Lymph nodes 





nmihiteee 


ee ee 


@Lymphatic system. A system 


of tubes (lymph vessels) and 
small organs (lymphoid 
organs), important in the 
recycling of body fluids and in 
the fight against disease. The 
lymph vessels carry the liquid 
lymph around the body and 
empty it back into the veins’, 
and the lymphoid organs are 
the source of disease-fighting 
cells. 


®Lymph vessels or lymphatic 


vessels. Blind-ended tubes 
carrying lymph from all body 
areas towards the neck, 
where it is emptied back into 
the blood. They are lined with 
endothelium”, and have 
valves to stop the lymph being 
pulled back by gravity. The 
thinnest ones are lymph 
capillaries, and include the 
important lacteals*, which 
pick up fat particles (too large 
to enter the bloodstream 
directly). The capillaries join 
to form larger vessels called 
lymphatics, which finally 
unite to form two tubes - the 
right lymphatic duct 
(emptying into the right 
subclavian vein“) and the 
thoracic duct (emptying into 
the left subclavian vein’). 


®Lympnh. The liquid in lymph 


vessels. It contains 
lymphocytes (see lymphoid 
organs), some substances 
picked up from tissue fluid 
(especially proteins such as 
hormones* and enzymes”) 
and also fat particles (see 
lymph vessels). 


Lymphoid organs 


The lymphoid organs, or lymphatic organs, 
are bodies connected to the lymphatic 
system. They are all made of the same type of 
tissue (lymphoid or lymphatic tissue) and 
they all produce lymphocytes* — 
disease-fighting white blood cells. 


Lymph nodes or lymph glands. Small 
lymphoid organs found along the course of 
lymph vessels, often in groups, e.g. in the 
armpits. They are the main sites of lymphocyte 
production (see above) and also contain a filter 
system which traps bacteria and foreign 
bodies. These are then engulfed by white blood 
cells (fixed macrophages”). 


@Spleen. The largest 
lymphoid organ, found just 
below the diaphragm” on 
the left side of the body. It 
holds an emergency store 
of red blood cells and also 
contains white blood cells 
(fixed macrophages" ) 
which destroy foreign 
bodies, e.g. bacteria, and 
old blood cells. 


eTonsils. Four lymphoid organs: one 
pharyngeal tonsil (the adenoids) at the back 
of the nose, one lingual tonsil at the base of the 
tongue and two palatine tonsils at the back of 
the mouth. 





Palatine 
tonsils 






Pharyngeal 
tonsil 


Tongue 





Palatine 

tonsil 

eThymus gland. A lymphoid organ in the upper 
part of the chest. It is fairly large in children, 
reaches its maximum size at puberty* and then 
undergoes atrophy, i.e. wastes away. 


* Diaphragm, 298; Endothelium, 288; Enzymes, 331; Fixed macrophages, 286 (White blood cells); Hormones, 334; Lacteala, !)/ 
(Small intestine); Lymphocytes, 286 (White blood cells); Puberty, 318; Subclavian veins, 289; Veins, 288. 
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The digestive system 









After food is taken in, or 


Nasal cavity* 
ingested, it passes Hard palate* 
through the digestive a 


oral cavity 


system, gradually being ¢. 
broken down into simple ~ 
soluble substances by a 
process called digestion 
(see also pages 336-337). 
The simple substances 
are absorbed into the 
blood vessels around the 
system and transported 
to the body cells. Here 
they are used to provide energy 
and build new tissue. For more 
about all these different processes, 
see pages 328-332. The main parts stomach. A piece of swallowed 
: food is a bolus. 
of the digestive system are listed on pn 
these two pages. The pancreas and = 
liver (see page 296) also play a 
vital part in digestion, forming the 
two main digestive glands* 







Tongue 





bt 
Position of 
digestive system 









Bolus travels 
through pharynx. 


Epiglottis* 
closes trachea’. re 
eOesophagus or gullet. The tube 
down which food travels to the 


Cardiac sphincter 
(so called because 
it lies near the 

heart) 






Oesophagus 










A sphincter is 
any ring of muscle. 


(producing digestive juices’ ). Stomach _ 
eAlimentary canal. Also called the oh ie 

alimentary tract, gastrointestinal oe ae 

(GI) tract, enteric canal or the gut. A Duodenum 


collective term for all the parts of the 
digestive system. It is a long tube 
running from the mouth to the anus 
(see large intestine). Most of its parts 
are in the lower body, or abdomen, 
inside the main body cavity, or ry 
perivisceral cavity*. They are held in 
place by mesenteries — infoldings of m 

the cavity lining (the peritoneum). Caccumi) 

} lleum 


ePharynx. A cavity at the back of the Na 
mouth, where the mouth cavity (oral or , ‘ 
buccal cavity) and the nasal intestine ) 
cavities* meet. When food is * 
swallowed, the soft palate (atissue rectum 
flap at the back of the mouth) closes the 4 
nasal cavities and the epiglottis* Anal canal 
closes the trachea”. 


Pouches 
called haustra 
(sing. haustrum) 


Appendix 


Anus 


* Digestive juices, 296 (Digestive glands); Epiglottis, 298; Hard palate, 307; Nasal cavities, 307 (Nose); Perivisceral cavity, 265; 
Trachea, 298. 
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e Cardiac sphincter. Also called the 


eStomach. A large sac in which the first 


@Small intestine. The main site of 


e Large intestine. A thick tube 


e Appendix. A small blind-ended tube 








O h 
gastroesophageal sphincter. A ern 


muscular ring between the 
oesophagus and stomach. It relaxes to 
open and let food through. 


Cross-section of 
stomach Vv 


Duodenum 









stages of digestion occur. Its lining has _ 
many folds (rugae, sing. ruga) which | 
flatten out to let it expand. Some ” 
substances, e.g. water, pass through its 
wall into nearby blood vessels, but 
almost all the semi-digested food 
(chyme) goes into the small intestine 
(duodenum). 


Cardiac 
sphincter 










Pyloric 
sphincter -esneeaaamsa 
@Pyloric sphincter. Also called the 
pyloric valve or pylorus. A muscular 
ring between the stomach and the 
small intestine. It relaxes to let food 
through only after certain digestive 
changes have occurred. 


Rugae 


digestion, a coiled tube with three 
parts — the duodenum, jejunum and 
ileum. Many tiny “fingers” called villi 
(sing. villus) project inwards from its / 
lining. Each contains capillaries* 
(tiny blood vessels) into which most 
of the food is absorbed, and a lymph 
vessel* called a lacteal, which 
absorbs recombined fat particles 
(see fats, page 328). The remaining 
semi-liquid waste mixture passes into jai CDs ! 
the large intestine. | P we 


a Cross-section of 
small intestine 







One villus Capillaries* 


IT 
Ed 
a : 


| 








a 


Lacteal 






a 


Villi. Increase 
surface area for 


receiving waste from the small absorption. 


intestine. It consists of the caecum” (a 
redundant sac), colon, rectum and 
anal canal. The colon contains 
bacteria, which break down any 
remaining food and make some 
important vitamins. Most of the water in 
the waste passes through the colon 
walls into nearby blood vessels. This 
leaves a semi-solid mass (faeces), 
which is pushed out of the body 
(defaecation) via the rectum, anal 
canal and anus - a hole surrounded by 
a muscular ring (the anal sphincter). 





eMucous membrane or mucosa. A thin 
layer of tissue lining all digestive 
passages (also other passages, e.g. the 
alr passages). It is a special type of 
epithelium®* (a surface sheet of cells), 
containing many single-celled 
exocrine glands”, called mucous 
glands. These secrete mucus - a 
lubricating fluid which, in the case of 
the digestive passages, also protects 
against the action of digestive juices”. 


ePeristalsis. The waves of contraction, 
produced by muscles in the walls of 
organs (especially digestive organs), 
which move substances along. 


off the caecum (see large intestine). It 
is a vestigial organ, i.e. one which our 
ancestors needed, but is now defunct. 





* Arteries, 288; Caecum, 271; Capillaries, 289; Digestive juices, 296 (Digestive glands); Epithelium, 310 (Epidermis); Exocrine 
glands, 296; Lymphatic, 293 (Lymph vessels); Veins, 288. 
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© Digestive glands. Exocrine glands 


Glands 


Glands are special organs (or 
sometimes groups of cells or single 
cells) which produce and secrete a 
variety of substances vital to life. 
There are two types of human 
gland — exocrine and endocrine. 


Exocrine glands 


Exocrine glands are glands which 
secrete substances through tubes, or 
ducts, onto a surface or into a cavity. 
Most body glands are exocrine, e.g. 
sweat glands* and digestive glands. 


mm ” 





Duct called 
Stensen’s 
duct 


Opening 
into 
mouth 


Tongue 


Sublingual 

gland. 

Its ducts 

pe open into the 
i floor of the mouth. 


Duct 
called 
Wharton’s 
duct 


r 
DN 


NNN 





which secrete fluids called digestive 
juices into the digestive organs. The 
juices contain enzymes* which cause 
the breakdown of food (see chart, 
pages 336-337). Many of the glands 
are tiny, and set into the walls of the 
digestive organs, e.g. gastric glands 
in the stomach and intestinal glands 
(or crypts of Lieberkiihn) in the small 
intestine. Others are larger and lie 
more freely, e.g. salivary glands. The 
largest are the pancreas and liver. 








®Pancreas. A large gland which is both 


a digestive gland and an endocrine 
gland. It produces pancreatic juice 
(see chart, pages 336-337), which it 
secretes along the pancreatic duct, or 
duct of Wirsung. It also contains 
groups of cells called the islets of 
Langerhans. These make up the 
endocrine parts of the organ, and 
produce the hormones” insulin* and 


* 
glucagon”. Binbhisais* 





—— 
Duodenum*” cut 
away to show entry 
point of tube. 


@ Liver. The largest organ. One of its 


many roles is that of a digestive gland, 
secreting bile (see chart, pages . 
336-337) along the common hepatic 
duct. Another of its vital jobs is the 
conversion and storage of newly- 
digested food matter (see diagram, 
page 329), which it receives along the 
hepatic portal vein (see picture, page 
289), In particular, it regulates the 
amount of glucose in the blood. It also 
destroys worn-out red blood cells, 
stores vitamins and iron, and makes 
important blood proteins. 


* Diaphragm, 298; Duodenum, 295 (Small intestine); Enzymes, 331; Glucagon, Hormones, Insulin, 334; Ligaments, 280;Sweat 33. 
glands, 311. 


Ligament* 






Common 
bile duct 








eGall bladder. A sac 

which stores bile (made 
in the liver) ina 

} concentrated form until 
it is needed (i.e. until 
there is food in the 
duodenum‘). Its lining 
has many folds (rugae, 
sing. ruga) which flatten 
out as it expands. When 

; needed, the bile is 

squeezed along the 

cystic duct and 
\ common bile duct. 













Endocrine glands 














Brain —" ya 7: Nerves 
a 
RY 
Pineal ‘ " 4 on 
gland ey fj Ar 
Parathyroid 
glands 
(at the 


back 





The two ducts join Common 
to form a duct called bile 
the ampulla of Vater. 






, |¢ Adrenal glands or 
suprarenal glands. A pair 
of glands, one gland lying 
above each kidney. Each 
has an outer layer (cortex), 
producing aldosterone, 
cortisone and 
hydrocortisone, and an 
inner layer (medulla), 
producing adrenalin and 
noradrenalin. 





Muscular ring called the 
sphincter of Oddi. If it is 
closed, bile coming from the 
liver is forced back up into 
the gall bladder. 


* Duodenum, 295 (Small intestine); Hypothalamus, 303; Larynx, 298; Sex hormones, 334. 


— 
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Endocrine or ductless glands are glands which 
secrete substances called hormones directly into 
the blood (i.e. blood vessels in the glands). For 
more about these hormones, and a chart containing 
all those mentioned below, see pages 334-335. The 
glands may be separate bodies (e.g. those below) 
or cells inside organs, e.g. in the sex organs. 


e Pituitary gland. Also called the pituitary body or 
hypophysis. A gland at the base of the brain, 
directly influenced by the hypothalamus* (see 
also hormones, page 334) and made up of an 
anterior (front) lobe (adenohypophysis) and a 
posterior (back) lobe (neurohypophysis). Many 
of its hormones are tropic hormones, i.e. they 
stimulate other glands to secrete hormones. It 
produces ACTH, TSH, STH, FSH, LH, lactogenic 
hormone, oxytocin and ADH. 





“ 


Hypothalamus 









~ eon 
. _ Pituitary 
gland 
Anterior 
¥, lobe 
i .. Posterior 
lobe 


eThyroid gland. A 
large gland around 
the larynx”. It 
produces thyroxin 
and thyrocalcitonin. 


eParathyroid glands. 
Two pairs of small 
glands embedded in 
the thyroid gland. 


- They produce PTH. 


®Pineal gland. Also 
called the pineal 
body. A small gland at 
the front of the brain. 
Its role is not clear, 
but it is known to 
secrete melatonin, a 
hormone thought to 
influence sex 
hormone” production. 


~ 
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Position of 
respiratory system > 


The respiratory system 


The term respiration covers three processes: ventilation, or | | = 
breathing (taking in oxygen and expelling carbon dioxide), | 
external respiration (the exchange of gases between the 
lungs and the blood — see also red blood cells, page 286) 

and internal respiration (food breakdown, using oxygen and 
producing carbon dioxide — see pages 332-333). Listed here are 
the component parts of the human respiratory system. 


@Lungs. The two main breathing 
organs, inside which gases are 
exchanged. They containmany _ < 
tubes (bronchi and bronchioles) TI rr 
and air sacs (alveoli). 


* The epiglottis is 

a flap which closes 
the trachea while 
food goes down the 
oesophagus“. 


Pharynx 

















Trachea \ —~ 








Lung (blood vessels 
not shown) 


Vocal cords Rear view 












~ Larynx 





4 


eTrachea or windpipe. 
The main tube through 
which air passes on its 
way to and from the 
lungs. 

®Larynx. The “voice box” at the top of 
the trachea. It contains the vocal 
cords — two pieces of tissue folding 
inwards from the trachea lining and 
attached to plates of cartilage*. The 
opening between the cords is called 
the glottis. During speech, muscles Sear 
pull the cartilage plates (and hence the 
cords) together, and alr passing out 











Right 
primary 
bronchus 





* Glottis 










bronchus i 





Tertiary 
bronchus; 









Bronchio 











@Bronchi (sing. bronchus). The main 
tubes into which the trachea divides. 
The first two branches are the right and 
left primary bronchi. Each carries air 
into a lung (via a hole called a hilum), 
alongside a pulmonary artery* 
bringing blood in. They then branch 
into secondary bronchi, tertiary 
bronchi and bronchioles, all 
accompanied by blood vessels, both 
branching from the pulmonary artery 
and merging to form pulmonary 
veins* (blood going out). 


®Bronchioles. The millions of tiny tubes 


in the lungs, all accompanied by blood 
vessels. They branch off tertiary 
bronchi (see bronchi) and have 
smaller branches called terminal 
bronchioles, each one ending ina 
cluster of alveoli. 


®Alveoli (sing. alveolus). The millions 
of tiny sacs attached to terminal 
bronchioles (see bronchioles). They 
are surrounded by capillaries” (tiny 
blood vessels) whose blood is rich in 
carbon dioxide. This passes out 
through the capillary walls and in 
through those of the alveoli (to be 
breathed out). The oxygen which has 
been breathed into the alveoli passes 
into the capillaries, which then begin to 
merge together (eventually forming 


ck 
pulmonary veins“). Bronchial means 


Terminal “of the bronchi 
bronchioles | or bronchioles” 





- Oxygen 
in 





Breathing 


Breathing is made up of inspiration 
(breathing in) and expiration 
(breathing out). Both actions are 
normally automatic, controlled by 
nerves from the respiratory centre 
in the medulla”* of the brain. This 
acts when it detects too high a level 
of carbon dioxide in the 
blood. 


Inspiration 


> 








Intercostal muscles 
contract, pulling ribs 
up and outwards. 


Bt 


Expiration 


> 


oe 


Carbon 
dioxide 
out 






Diaphragm flattens 


Intercostal muscles 
relax, ribs move 
down and inwards 


Diaphragm relaxes 


eInspiration or inhalation. The act 
of breathing in. The diaphragm 
contracts and flattens, lengthening 
the chest cavity. The muscles 
between the ribs (intercostal 
muscles) also contract, pulling the 
ribs up and outwards and widening 
the cavity. The overall expansion 

lowers the air pressure in the lungs, 


through the cords makes them vibrate, 
producing sounds. 

@Pleura or pleural membrane. A layer 
of tissue surrounding each lung and 
lining the chest cavity (thorax), 
Between the pleura around a lung and 
the pleura lining the thorax thére is a 
space (pleural cavity). This contains 
pleural fluid. The pleura and 
fluid-filled cavity make up a cushioning 
pleural sac. 






Pleura 





he lungs and all 
the tubes are 
lined by mucous 
membrane” and 
cilia”. 





‘ 
Pleural cavity, 4 


with pleural fluid Diaphragm 


®Diaphragm or midriff. A sheet of 
muscular tissue which separates the 
chest from the lower body, or 
abdomen. At rest, it lies in an arched 
position, forced up by the abdomen 
wall below it. 


* Cartilage, 281; Cilia, 268; Mucous membrane, 295; Oesophagus, Pharynx, 294. 











Cluster 
of alveoli 


and air rushes in to fill them (i.e. to 
equalize internal and external 
pressure). 







®Expiration or exhalation. The 
act of breathing out. The 
diaphragm and intercostal 
muscles (see inspiration) 









F oe 

saiameaaild relax, and air is forced out of 

artery* the lungs as the chest cavity 
Alveolus becomes smaller. 









* Capillaries, 289; Medulla, 303; Pulmonary arteries, 29] (Pulmonary trunk); Pulmonary veins, 29! 
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The urinary system 


The urinary system is the main 
system of body parts involved in 
excretion, which is the expulsion of 
unwanted substances. The parts 
are defined below and right. The 
lungs and skin are also involved in 
excretion (expelling carbon 
dioxide and sweat respectively). 


Renal 
vein 






Aorta* 


Ureter 


Bladder 


Urethra 

a 

®Kidneys. Two organs at the back of the 
body, just below the ribs. They are the 
main organs of excretion, filtering out 
unwanted substances from the blood 
and regulating the level and contents of 
body fluids (see also homeostasis, 
page 333). Blood enters a kidney ina 
renal artery and leaves it ina renal 
vein. 

eUreters. The two tubes which 

carry urine from the kidneys to the 


bladder. 
Kidney (cut away) 


Area shown in 
picture, top right 











The light, inner part is 
/ the medulla or renal 
medulla, It consists of 
cone-shaped areas of 
tissue (renal or 
medullary pyramids), 


a. 


Renal artery 









Renal vein 


v 
Urine collects in this 
cavity — the pelvis or 
renal pelvis. 


cortex or renal cortex. 


Ureter 


* Amino acids, 328 (Proteins); Aorta, Inferior vena cava, 291. 


The dark, outer part is the 


Afferent arteriole Proximal 
convoluted 
tubule 






Inside a kidney 





Renal corpuscle 












Renal corpuscle 
(cut away) 


Afferent 
arteriole 
(blood | 4” a e = 


eBowman’s capsule. The outer part of 


each renal corpuscle. It isa 
thin-walled sac around the glomerulus. 


Efferent 
arteriole 














Capillaries* | ) 
eUriniferous tubules or renal tubules. 



















i 
' 
Efferent Bowmah’s | Sp 
arteriole (blood out) caneule Collecting / Ly Long tubes, each one leading from a 
Glomerulus To j Bowman's capsule. Each has three 
— main parts — the proximal convoluted 


vein \ 


From 
renal 
artery 


eNephrons. The tiny filtering units of the 
kidneys (there are abouta millionper 
kidney). Each consists of a renal 
corpuscle and a uriniferous tubule. 


tubule, the loop of Henlé and the 
distal convoluted tubule — and has 
many capillaries* (tiny blood vessels) 
twined around it. These are branches 
of the efferent arteriole (see 
glomerulus) and they re-unite to form 
larger blood vessels carrying blood 
from the kidney. 


eCollecting duct or collecting tubule. 
A tube which carries urine from 
several uriniferous tubules into the 
pelvis of a kidney. 


4 Distal means “away from 
‘a4 the point of origin or 
attachment” 








Proximal means “near the 
point of origin or 
attachment” 


eGlomerulus. A ball of coiled-up 
capillaries* (tiny blood vessels) at the 
centre of each renal corpuscle. The 
capillaries branch from an arteriole* 
entering the corpuscle (an afferent 
arteriole) and re-unite to leave the 
corpuscle as an efferent arteriole. 





eRenal corpuscles or Malpighian 
corpuscles. The bodies which filter 
fluids out of the blood. Each consists of 
a glomerulus and a Bowman’s 
capsule. 


—- 


Ureter 











eBladder or urinary bladder. A sac 
which holds stored urine. Its lining has Female 
. . bladder 
many folds (rugae, sing. ruga) which (cut 


Entry 
point of 
ureter 


flatten out as it fills up, letting it expand. away) 
Two muscular rings — the internal and Urethra Rugae 
external urinary sphincters — control . 
: : Hole called Positions of 
the opening from the bladder into the — acs eas 


urethra. When the volume of urine 

gets to a certain level, nerves stimulate 

the internal sphincter to open, but the 

external sphincter is under conscious 

control (except in young children), and 

can be held closed for longer. 


eUrethra. The tube carrying urine from 
the bladder out of the body (in men, it 
also carries sperm* — see penis, page 
316). The expulsion of urine is called 
urination or micturition. 


* ADH, Aldosterone, 334; Amino acids, 328 (Proteins); Arteriole, 288 (Arteries); Capillaries, 289; Hormones, 334; Sperm, 01! 
(Gametes); Venule, 288 (Veins). 
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The central nervous | the parts of the brain 
system 


The central nervous system 
(CNS) is the body’s control centre. 
It co-ordinates all its actions, both 
mechanical and chemical (working 
with hormones”) and is made up of 
the brain and spinal cord. The 
millions of nerves in the body carry 
“messages” (nervous impulses) to 
and from these central areas (see 
pages 306-309). 


eBrain. The organ which controls most 
of the body’s activities. It is the only 
organ able to produce “intelligent” 
action — action based on past 
experience (stored information), 
present events and future plans. It is 
made up of millions of neurons* (nerve 
cells), arranged into sensory, 
ain 25S0ciation and motor areas. The 
sensory areas receive 
information (nervous impulses)|| ®Midbrai 
from all body parts and the area joining ienc 
association areas analyse the || pons. It carries impulses in towards 
impulses and make decisions. the thalamus, and out from the 
The motor areas send impulse cerebrum towards the spinal cord. 
(orders) to muscles or glands. 
The impulses are carried by the 
fibres of 43 pairs of nerves — 12 
pairs of cranial nerves servin 
- the head and 31 pairs of spinal 
il ~ nerves (see spinal cord). 


developed area, with many deep 
- folds. It is composed of two 
cerebral hemispheres, joined by 
the corpus callosum (a band of 






called the cerebral cortex. This 
contains all the most important 
sensory, association and motor 
areas (see brain). It controls most 
physical activities and is the centre 
for mental activities such as 
decision-making, speech, learning, 
memory and imagination. 





Br 


e Pons or pons Varolii. A junction of 
nerve fibres* which forms a link 
between the parts of the brain and 
the spinal cord (via the medulla). 







’ 


<n W eSpinal cord. A long string of nervous tissue running 
down from the brain inside the vertebral column’. 
Nervous impulses from all parts of the body pass 
through it. Some are carried into or away from the 
brain, some are dealt with in the cord (see 
involuntary actions, page 309). 31 pairs of spinal 
nerves branch out from the cord through the gaps 
between the vertebrae*. Each spinal nerve is made 
up of two groups Of fibres: a dorsal or sensory root, 
made up of the fibres of sensory neurons* (bringing 








[ord (inside impulses in), and a ventral or motor root, made up of 4 bt zy, 
vertebral column*) the fibres of motor neurons* (taking impulses out). * Spinal nerve 


302 * Hormones, 334; Motor neurons, 305; Nerve fibres, Neurons, 304; Sensory neurons, 305; Vertebrae, Vertebral column, 278. 


(cut away) en 


®Cerebrum. The largest, most highly 


nerve fibres”), and its outer layer is 









Ventricles; 
(spaces). / | 
Filled with 


Spinal 
cord 





®Medulla or medulla oblongata. The 


eBrain stem. A collective term for the 





Vertebra* Spinal cord a 








Skull 














food mov n ugh the intestines) 
and the action of pituitary gland”. Its 
activities are vital to homeostasis” — the 
maintenance of stable internal conditions. 


®Diencephalon. A collective term for the 
thalamus and hypothalamus. 


Medulla 









Areas of cerebrum 








Lo Protective membranes 
_ | ~ (meninges, sing. 
meninx). Called 
(working inwards) 


the d / 
ae Cephalic means 
pia mater. “of the head” 
Cerebrospinal fluid (CSF) 


cushions the brain and spinal 
cord and brings dissolved food. 


FF Sensory areas. Receive incoming impulses, 
1, General sensory area. Receives impulses 
from muscles, skin and inner organs. 
2. Primary gustatory area. Impulses from tongue. 
3. Primary auditory area, Impulses from ears. 
4, Primary visual area, Impulses from eyes. 
5. Primary olfactory area, Impulses from nose. 








C7) Motor areas, Each tiny part sends out impulses 
to a specific muscle, 










area which controls the “fine tuning” of 
many unconscious actions (under the 
overall control of the hypothalamus). 
Different parts of it control different 
actions, e.g. the respiratory centre 


controls breathing. 
F?) Association areas. Interpret impulses and make 
decisions. Some specific ones are: 
6. Visual association area. Produces sight. 
7. Auditory association area. Produces hearing. 






midbrain, pons and medulla. 






eNeuroglia or glia. Special stiffened cells 
which support and protect the nerve cells 
(neurons*) of the CNS. Some produce a 
white fatty substance called myelin (see 
also Schwann cells, page 304). This coats 
the long fibres found in the connective 
areas of the brain and the outer layer of 
the spinal cord, and leads to these areas 
being known as white matter. Grey 
matter, by contrast, consists mainly of 
cell bodies* and their short fibres, and 
its neuroglia does not produce myelin. 





* Autonomic nervous system, 308; Cell body, 304; Homeostasis, 333; Neurons, 304; Periosteum, 280; Pituitary gland, 2) 





304 


The units of the nervous system 


The individual units of both the brain and spinal cord (central nervous 
system*) and the nerves of the rest of the body (peripheral nervous 
system) are the nerve cells, or neurons. They are unique in being able to 
transmit electrical “messages” (the vital nervous impulses) around the 
body. Each neuron consists of a cell body, an axon and one or more 
dendrites, and there are three types of neuron-— sensory, association and 
motor neurons. 


The parts of a neuron 


©Cell body or perikaryon. The part 
of a neuron containing its nucleus* 
and most of its cytoplasm”*. The cell 
bodies of all association, some 
sensory and some motor neurons 
lie in the brain and spinal cord. 
Those of the other sensory neurons 
are found in special masses called 
ganglia* or as part of highly 
specialized receptors* in the nose 
and eyes. Those of the other motor 
neurons lie in autonomic ganglia“. 


NY Myelin sheath of Typical sensory neuron 
ate Schwann cell 


Cell body 
Dendron 


End branches™® 
form receptor* 


Node of Ranvier 

(constriction of 

myelin sheath <——, 

between Schwanncells) End brancheg™® ‘ . 
an" 


ER 


Typical association 
neuron (in grey 
matter*, so no 
myelin sheath) 


End branches 


{ Dendrites 
<|q—— 
a 
Cell body (as 


eg aw 


e Nerve fibres. The fibres (axon and 
dendrites) of a neuron. They are 
extensions of the cytoplasm” of the 
cell body and carry the vital 
nervous impulses. Most of the long 
nerve fibres which run out round the 
body (belonging to sensory or 
motor neurons) are accompanied 
by neuroglial* cells. These are 
called Schwann cells and they 
produce a sheath of myelin” around 
each fibre. 


eDendrites. The nerve fibres 
carrying impulses towards a cell 
body. Most neurons have several 
short dendrites, but one type of 
sensory neuron has just one, 
elongated dendrite, often called a 
dendron. The endings of these, 
dendrons form receptors” all over 
the body, and the dendrons 
themselves run inwards to the cell 
bodies (which are found in ganglia* 
just outside the spinal cord). 





Nucleus” 


End branches 
stimulate 
effectors 


Dendrites 


Long distances 


End branches 


e Axon. The single long nerve fibre 
which carries impulses away froma 
cell body. The axons of all association 
and sensory neurons and some motor 
neurons lie in the brain and spinal 
cord. Those of the other motor neurons 
run out of the spinal cord to autonomic 
ganglia’, or further to effectors (see 
motor neurons). 


* Kutonomic ganglia, 309; Central nervous system, 302; Cytoplasm, 238; Ganglia, 306; Grey matter, Myelin, 303 (Neuroglia); 
Nucleus, 238; Receptors, 307. 

















eSensory neurons or afferent 


Association neurons 
(only one shown) 
analyse information 
and operate in 
decision-making. 


e Association neurons. Also called 
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Impulse com 
along axon 
branch 










Types of neuron Synapse 











End of axon branch, 9° 
called synaptic knob e 
"oe 





neurons. The neurons which 
carry “information” (nervous 
impulses) about sensations. 
The single dendrites 
(dendrons) of some sensory 
neurons run throughout the 
body, and their endings fire off 
impulses when stimulated. For 
more about these endings 
(receptors) and the different 
sensory neurons, see pages 
306-307. 





Neurotransmitter 
released into 
synaptic cleft 









Neurotransmitter builds 
up in end of 
dendrite branch 


eSynapses. The tiny areas where the 
branching ends of the axon of one 
neuron meet the dendrites of the 
next. When an impulse reaches the 
end of the axon, a special chemical 
called a neurotransmitter is 
released into the minute gap 
(synaptic cleft) found at the 
junction. When enough of this has 

reached the other side, an impulse 

is sent on in the dendrites. 


Impulse 
sent on 
















Sensory neurons 
(only one shown) 
bring impulses from}) 
eyes and fingers. 
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Cell body 





e Motor neurons or efferent neurons. 
The neurons which carry “instructions'’ 
(nervous impulses) away from the 
brain and spinal cord. The ends of the 
axons of some motor neurons make 
connections with muscles or glands 
(called effectors), and the impulses 

“they carry (passed on to them from 

association neurons) stimulate these 
organs into action. For more about the 

Dendrites different motor neurons, see pages 

308-309. 
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relay, internuncial or connecting \ bs 
neurons, or interneurons. Special | 
linking neurons, present in vast 
numbers in the brain and spinal cord. 
They are involved in picking up 
impulses (from sensory neurons), 
interpreting the sensory information, 
and passing impulses to motor 
neurons to initiate actions. 


Motor neurons (only 
one shown) carry 
impulses to arm and 
jaw muscles. 





* Receptors, 307. 
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Nerves and nervous pathways 


The sensitivity (irritability) of the body (its ability to respond to stimuli) 
relies on the transportation of “messages” (nervous impulses) by the fibres 
of nerve cells (neurons*). The fibres which bring impulses into the brain 
and spinal cord are part of the afferent system. Those which carry 
impulses from the brain and cord are part of the efferent system (see 
pages 308-309). The fibres outside the brain and cord make up the nerves 
of the body, known collectively as the peripheral nervous system (PNS). 







Mixed Outer sheath (epineurium) 
Fascicle 


6. Association 
neuron” in highe 
brain interprets 
impulses as 


Tactile means 
“perceptible by 
the sense of 






















pA sensation of jae 
j e touch. 
cd a 
A : nN 4. Axon* of second 
Uy; 5. Axon* of third \ order sensory 
Y, order sensory neuron passes 
a neuron Calries impulses to 
impulses to higher dendrites* of third 
areas of ‘A order sensory 
brain. 


neuron in lower 


Fibres (some ee 


belong to 
sensory neurons”, Fascicle 
others to motor sheath | of 
neurons“) (perineurium) 


@ Nerves. Bundles of nerve fibres, blood 
vessels and connective tissue*. Each 
nerve consists of several bundles 
(fascicles) of fibres and each fibre is 


(endoneurium) 


Cell bodies* of Kiss 
3. Axon* of first order 












je first order sensory 
part of anerve cell (neuron*).Sensory | neurons lie in sensery neuron passes 
. ° s 1 t it * 
nerves have just the fibres (dendrons*)} @agmg masses 4 a 
of sensory (afferent) neurons*, motor | ganglion) in dorsal sensory 
° . SDi neuron. 
nerves have just the fibres (axons*) of | Toots olspinal | 


motor (efferent) neurons* and mixed 
nerves have both types of fibre. 


The afferent system 


The afferent system is the system of 
nerve cells (neurons”) whose fibres 
carry sensory information (nervous 
impulses) towards the spinal cord, up 
inside it and into the brain. The nerve 
cells involved are all the sensory 
(afferent) 
neurons” of the 
body. The impulses 
originate in 
receptors and are 








Long distance Afferent means 
(inside nerve) “leading towards”. 
2. Dendron* of first order 
.- sensory neuron carries 
| impulses towards spinal 
yom cord. 


4 1. Receptor in skin 
(Meissner’s 
corpuscle”) stimulated 
by contact. 





The routes taken by nervous impulses are 
neural pathways. This is a simplified neural 


int erprete d by the pathway of the afferent system. Only one of 
. each type of neuron* is shown (in reality, there 
brain as sensations. would be more involved). 


* Association neurons, 305; Axon, Cell body, 304; Connective tissue, 280; Dendron, 304 (Dendrites); Meissner’s corpuscles, 310; 
Motor neurons, 305; Neurons, 304; Sensory neurons, 305; Spinal nerves, 302 (Spinal cord). 


@Receptors. The parts of the 
afferent system which fire 
off nervous impulses when 
they are stimulated. Most 
are either the single 
branched ending of the 
long dendron”* of a first 
order sensory neuron (see 
picture) or a group of such 
endings. They are all 
embedded in body tissue, 
and many have some kind 
of structure formed around 
them (e.g. a taste bud — see 
tongue). They are found all 
over the body, both near 
the surface (in the skin, 
sense organs, skeletal 
muscles”, etc.) and deeper 
inside (connected to inner 
organs, blood vessel walls, 
etc.). 


eSense organs. The highly 
specialized sensory organs 
of the body, each with many 
receptors. They are the 
nose, tongue, eyes and 
ears. For more about eyes 
and ears, see pages 312-315. 


Divisions of the afferent system 











Central and 
peripheral 
 Rervou: 









Somatic afferen Visceral afferent 










neurons, 305; Skeletal muscles, 283. 









* Association neurons, 305; Axon, Cell body, 304; Dendron, 304 (Dendrites); Mucous membrane, 295: Pharynx, 294; Sensory 












eNose. The organ of smell. Each of its two 
nostrils opens into a nasal cavity which is lined 
with mucous membrane” and has many 
olfactory hairs extending from its roof. The 
hairs are the dendrites* of special sensory 
neurons” called olfactory cells. These are the 
receptors whose impulses are interpreted by 
the brain as sensations of smell (olfactory 
sensaticns). 









































Sinus 
Axons”* of olfactory cells (air-filled 
Olfactory pass through bone roof Axons* meet Cavity) 
bulb of cavity. association 







(bulging neurons* 
mass of ; 
nerve cells \ To brain 
—onlya 

few shown)f-. > _ 


Cell body* 
of olfactory 
cell 


Olfactory 
hai ‘ 
(dendrites* of 
olfactory cell) 














Nasal means “of 


Hard pal 
ih mana? ard palate (bony 


roof of mouth) ui 


Oral means “of 
the mouth”, 





Soft palate (soft 
flap of tissue) 













Lingual means 


“of the tongue”. Mouth cavity (oral or 


buccal cavity) 


Cross-section 
of tongue 


ae 






Pharynx 
Taste bud 


























Taste buds lie 
in channels. 


Knobbly surface (the knobs 
are called papillae, sing. 

papilla) 
Hole called a 


gustatory 
(taste) 
pore 


To brain | 







“Hairs” from 
special cells make contact 
with substances on tongue. 





Receptors (dendron* 
endings) send impulses. 


e Tongue. The main organ of taste. It is a 
muscular organ which bears many taste buds. 
These tiny bodies contain the receptors whose 
impulses are interpreted by the brain as taste 
sensations (gustatory sensations). 


The efferent system The different actions 


The efferent system is the second eo ae 
system of nerve cells (neurons”*) in the of each type of 


neuron” is shown 
(in reality, there 
would be more 
involved) 


body (see also afferent system, pages 
306-307). The fibres of its nerve cells 
Carry nervous impulses away from the 
brain, down through the spinal cord 
and out around the body. The nerve 
cells involved are all the motor 
(efferent) neurons* of the body. The 

impulses they carry stimulate action in | dendrites* of 
the surface muscles (skeletal aaa sn 
muscles”) or inthe glands and internal 
muscles (in the walls of inner organs 
and blood vessels). All these organs 


Simplified neural 
pathway” of 
voluntary action 
(somatic efferent 
system). 





























1. Association 
neuron* in higher 
brain passes 
impulses to 


2. Axon* of upper Section of 





are known collectively as effectors. ee date —— 
down through 
Divisions of the efferent system spinal 
cord. 





Central and 





3. Axon* of upper 
motor neuron passes 

impulses to dendrites* 
of lower motor neuron. 


Ventral root of 
spinal nerve* 


Long distance 
(inside nerve) 


4. Axon* of lower 

motor neuron 

A 5. Movement of carries impulses 
“muscle stimulated away from spinal 


\w.__ at motor cord. 
4 end-plate”. 


Voluntary actions. Actions which 
result from conscious activity by the 
brain, 1.e. ones it consciously decides 
upon, e.g. lifting a cup. We are always 
aware of these actions, which involve 
skeletal muscles* only. The impulses 
which cause them originate in higher 
areas of the brain (especially the 
cerebrum”) and are carried by nerve 
cells of the somatic efferent system. 


Nh aia 
Ne 






_ & 


308 * Association neurons, 305; Axon, 304; Cerebrum, 302; Dendrites, 304; Motor end-plate, 283; Motor neurons, 305; Neural pathways, 
306; Neurons, 304; Skeletal muscles, 283; Spinal nerves, 302 (Spinal cord). 


Simplified neural 
pathway* of 
autonomic action 
(sympathetic 
division of 
autonomic 
nervous 

system). 

















1. Association 
neuron* in lower 
brain passes 
impulses to 
dendrites* of 
upper motor 
neuron. 4. Axon’ of 

/ preganglionic 
motor neuron 
2. Axon* of upper 
motor neuron carries 
impulses down through ———> 
spinal cord. ; 


dendrites* of 
postganglionic 
motor neuron. 






Section of F 
i spinal cord 


~~ 








3. Axon* of upper 
motor neuron passes 
impulses to dendrites* 
of preganglionic 
motor neuron. 


rays 7 


Cell bodies* (and dendrites") oO 
postganglionic motor neurons tds, 
(sympathetic division) lieinbulging .“# | 


masses (autonomic ganglia) close to 
spinal cord. 
Long distance it 
(inside nerve) eas 


Involuntary actions. Automatic 
actions (ones the brain does not 
consciously decide upon). There are 
two types. Firstly, there are the constant 
actions of inner organs, e.g. the beating 
of the heart, of which we are not 
normally aware. The impulses which 
cause them originate in the lower brain 
(especially the hypothalamus”) and 
are carried by nerve cells of the 
autonomic nervous system. They are 
called autonomic actions. The other 
involuntary actions are reflex actions. 


Carries impulses 
to organ. 


passes impulses to 


Vis 











Simplified reflex 
arc (spinal 
reflex), 





Axon" of second 











Long order sensory 
distance neuron (see page 
1. Pain receptor* (inside 306) carries 
stimulated nerve) ~@& impulses to brain 
to “tell” it what 
2.Dendron* of first has happened. 
order sensory neuron 
(see page 306) carries. Section of 
impulses to spinal cord. spinal cord 






3. Axon" of first 
order sensory 





Long distance 
(inside nerve) 4 Axon’ of 






association neuron pansion 
neuron* passes ee 
impulses to lation 
‘ associatio 
dendrites* of ante 
i ower motor 
\ \ CA, neuron 
' , — 
~ i 
ed ~ 
A) \ ~ 
\ ~ 6, Movement of 
5. Axon’ of lower muscle stimulated 
motor neuron al motor 
7 
carries impulses end-plate 


away from spinal 
cord. 


Reflex actions. Involuntary 
actions of which we are aware. The 
term is most often used to refer to 
sudden actions of skeletal 
muscles*, e.g. snatching the hand 
away from something hot. The 
impulses which cause such an 
action are carried by nerve cells of 
the somatic efferent system and 
the entire neural pathway” is a 
“short-circuited” one, called a reflex 
arc. In the case of cranial reflexes 
(those of the head, e.g. sneezing), 
this pathway involves a small part of 
the brain; with spinal reflexes 
(those of the rest of the body), the 
brain is not actively involved, only 
the spinal cord. 





* Association neurons, 305; Axon, Cell body, 304; Dendron, 304 (Dendrites); Hypothalamus, 303; Motor end-plate, 283; Nerve, 
Neural pathways, 306; Pain receptors, 311; Skeletal muscles, 283; Spinal nerves, 302 (Spinal cord). 
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The skin 


The skin or cutis is the outer body 
covering, made up of several tissue 
layers. It registers external 
stimulation, protects against damage 
or infection, prevents drying out, 
helps regulate body temperature, 
excretes waste (sweat), stores fat and 
makes vitamin D”*. It contains many 
tiny structures, each type witha 
different function. The entire skin 
(tissue layers and structures), is called 
the integumentary system. 


The different layers 


Epidermal layers 
ites 















Ridges of the 








Stratum dermis called 

germinativum. dermal papillae 

Made up of two (sing. papilla) 

layers. The upper 

one (stratum Dermis 


spinosum) consists 
of new living cells. 
These push 
upwards (and 
become part of the 
stratum 
granulosum) as 
more cells are 
made below them 
by the constantly 
dividing cells of the 


Stra t \ 
granulosum 
(granular layer). i 
Flat granulated 4 

cells. They slowly 

die away (there are Stratum corneum 
no blood vessels in (horny or cornified 
the epidermis to layer). Flat, dead 
provide foodand cells filled with 
oxygen) and are keratin (a fibrous, 


| 


lower layér pushed up to waterproofing 
(stratum basale or. be¢ome part of the protein), The cells 
Malphigian stratum are coritinually 
layer). corneum worn away or shed. 


eEpidermis. The thin 
outer layer of the skin 
which forms its 
epithelium (a term for 
any sheet of cells which 
forms a surface covering 
or a cavity lining). It is 
made up of several 
layers (strata, sing. 
stratum), shown above. 


contains many 


food and oxygen. 


@Dermis. The thick layer 
of connective tissue* 
under the epidermis, 
containing most of the 
embedded structures 
(see introduction). It also 


capillaries* (tiny blood 
vessels) which supply 


Structures in the skin 


eMeissner’s corpuscles. Special 


bodies formed around nerve 
fibre endings. There are 
especially large numbers on the 
fingertips and palms. They are 
touch receptors”, i.e. they send 
impulses to the brain when the 


skin makes contact with an object. 


eSebaceous glands. Exocrine 


glands* which open into hair 
follicles. They produce an oil 
called sebum which waterproofs 
the hairs and epidermis and 
keeps them supple. 


e Hair erector muscles. Special 
muscles, each attached to a hair 
follicle. When they contract (in 
the cold), the hairs straighten. 
This traps more air and improves 
insulation (especially in animals 
with lots of hair, feathers or fur). It 
also causes “goose-pimples”. 


® Hair follicles. Long narrow 
tubes, each containing a hair. The 
hair grows as new cells are 
added to its base from the cells 
lining the follicle. Its older cells 
die as keratin forms inside them 
(see stratum corneum). 


eSubcutaneous layer or 
superficial fascia. The 
layer of fatty tissue 
(adipose tissue) below 
the dermis (it is a fat 
store). Elastic fibres run 
through it to connect the 
dermis to the organs 
below, e.g. muscles. It 
forms an insulating layer. 


* Capillaries, 289; Connective tissue, 280; Exocrine glands, 297; Receptors, 307; Vitamin D, 337: 









Epidermis 
. Tiny hole, 
Or pore 








Hair shaft 





Dermis (blood © 
vessels not shown) 





Subcutaneous layer (subcutaneous means 
“beneath the skin”, i.e. this layer is 
not regarded as part of the skin). — 


e Melanin. A brown 
pigment* which 

shields against 
ultra-violet light by 
absorbing the light 
energy. Itis found < 
in all the layers of 
the epidermis of 
people from 


7 
* Capillaries, 289; Exocrine glands, 297; Pigment, 255; Receptors, 307; Y \ 


Urea, 301. 










e Pain receptors. Nerve fibre 
endings in the tissue of most 
inner organs and in the skin (in 
the epidermis and the top of the 
dermis). They are the receptors* 
which send impulses when any 
stimulation (e.g. pressure, heat, 
touch) becomes excessive. This 
is what causes a sensation of pain. 









¢ Hair plexuses or root hair 
plexuses. Special groups of 
nerve fibre endings. Each forms 
a network around a hair follicle 
and is a receptor”, i.e. it sends 
nervous impulses to the brain, 
in this case when the hair moves. 


eSweat glands or sudoriferous 

glands. Coiled exocrine glands" 
which excrete sweat, Each has a 
narrow tube (sweat duct) going 
to the surface. Sweat consists of 
water, salts and urea", which 
enter the gland from the cells and 
capillaries* (blood vessels). 


@Pacinian corpuscles. Special bodies formed 


around single nerve fibre endings, lying in the 
lower skin layers and the walls of inner organs. 
They are pressure receptors”, i.e. they send 
impulses to the brain when the tissue is receiving 
deep pressure rather than light touch. 


Fair skin (melanin 
in lower layers of 


epidermis tropical areas, 


giving them dark 

skin. Fair-skinned 

people only have 

J melanin in their 
lower epidermal 

layers, but produce 













The pigment* 
mcarotene, together 
_. with melanin, 
auses yellow skin 










i>. 







LOT TTT | more when in 
Dark skin (melanin ” direct sunlight, 






fi all epidermal 
rs) 









Causing a suntan. 
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The eyes The inner nervous layer 








The eyes are the organs of sight, sending nervous impulses to the brain Retina. The innermost layer of tissue at Extrinsic 
when stimulated by light rays from external objects. The brain interprets A the back of the eyeball, made up ofa layer muscle 
the impulses to produce images. Each eye consists of a hollow, spherical of pigment* and a nervous layer 






consisting of millions of sensory nerve 
cells (sensory neurons”) and their fibres. 
These lie in chains and carry nervous 






capsule (eyeball), made up of several layers and structures. It is set intoa 
socket in the sk ubfan orbit), and is protected by eyelids and eyelashes. 


~) 


\ Byelide 

















Sclera or sclerotic Rectus Vitreous humour. Fluid similar to aqueous . . . . | J 
coat. The “white” of the humour, but stiff and jelly-like. Fills space impulses to the br pa The first cells i the / [iy 
eye. Tough, fibrous and called posterior cavity. Keeps shape of chains are receptors“, i.e. their end fibres 





opaque, with blood eyeball, Protects Barada saver ieman) Ana (dendrons’*) fire off the impulses when 











vessels. helps “bend” (refract) light. : : Oblique 
| a. Aqueous humour. Watery liquid with they are stimulated (by light rays). These : ae 
Blood 4 \\ Lens sugars, salts and proteins. Fills space called. fibres are called rods and cones because (two pairs)” = "PLY ea (one pair) 
] de AN anterior cavity. Protects lens and , Dee Se a 
ee a : nourishes front of eye. Constantly drains of their shapes. The receptors are Extrinsic eye muscles. The 


















away and is replaced. photoreceptors (i.e. stimulated by light). 


Iris. Opaque disc of tissue, with blood Choroi 
vessels and central hole (pupil). Contains Close-up of area oroid 
muscle fibres, some in concentric circles, of retina 
others out from centre to edge. Former 
contract to decrease pupil size (in bright 
light), latter contract to increase it (in dim 
light). Has various amounts of pigment”*, 
producing eye colours. 


three pairs of muscles joining the 
eyeball to the eye socket (orbit). 
They contract to make the 
eyeball swivel around. 









eLachrymal glands or tear 
glands. T'wo exocrine glands’, 
one at the top of each eye socket 
(orbit). They secrete a watery 
fluid onto the lining of the upper 
eyelids via tubes called 







Cornea. Transparent continuation of sclera. 
Protects front of eye and “bends” (refracts) 
light rays onto lens. 







Optic’ 
nerve 






Conjunctiva. Thin mucous membrane”. Lines 
eyelids and covers cornea. 







Retina Ciliary body. Muscular ring (smooth muscle*) round | lachrymal ducts, The fluid 
lens. Contracts to make lens smaller (in diameter) and . ime aealte and an: 
Choroid or choroid fatter (fibres of suspensory ligament relax). Relaxes to contains salts and an anti 






bacterial enzyme", and it washes 
over the surface of the eyes, 
keeping them moist and clean, It 






coat. Layer of tissue Rectus make lens larger and thinner (fibres tighten). Together 
with blood vessels and muscle with muscles of iris, known as intrinsic eye muscles. 
dark pigment’. 
Pigment absorbs light 
to stop reflection back 
out. 






5s of suspensory 
jament (see lens) 









Accommodation 
Muscles of ciliary 
eLens. The transparent body whose | body contract. 
role, like that of any lens, is to focus the a 
light rays passing through it, i.e “bend” > —* 
(refract) them so that they come toa >< 

ee \ 


point, in this case on the retina (for 


Nervous 
layer 


Retina al 
eMacula lutea or yellowspot. An area of 






Light rays 
from close 
object 





Sclera 










; 


Lens short re 
more a and refr aps see ae yellowish tissue in the centre of the 
pages 90-53). A lens consists of many Fibres of suspensory retina. It has a small central dip, called 






ze. a , 
ie: dover dro oa ” ae no ee ime ee the fovea or fovea centralis. This has the ff 
mi ater ace tt Tae ‘oin on retina ude eal i ciliary . ) highest concentration of cones (see a means of vision 
e suspen ‘ ong . . ae or the eye”. 
Jp iat eine retina) and is the area of acutest vision. iad tak 
it to the ciliary body, which can alter Lens long ns “perceptible 






If you look directly at a specific object, 
its light rays are focused on the fovea. 


and thin by the sense of sight” 








the lens shape so that light rays are 
always focused on the retina, whatever 
the distance of the object being looked 
at. This is known as accommodation. 
The rays form an upside-down image, 
but this is corrected by the brain. 


drains away via four lachrymal 
canals, two at the inside corner 
of each eye, which join to form a 
nasolachrymal duct. This 

empties into a nasal cavity’. 





Light rays 


from distant eBlind spot or optic disc. The point in the 
retina where the optic nerve leaves the 
eye. It has no receptors (see retina) and 
| so cannot send any impulses. 







Fibres of suspensory 
ligament pulled tight. 


3] 2 * Ligaments, 280; Mucous membrane, 295; Pigments, 255; Smooth muscle, 283. * Dendron, 304 (Dendrites); Enzymes, 331; Exocrine glands, 297; Nasal cavity, 307 (Nose); Pigments, 255; Receptors, 107, Sensory 
neurons, 305. 
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The ears 









The inner ear 


Head rotates 
a ee and balance /“ = 
The two ears are the organs of hearing and balance. Each one is divided oe . 
1 ae F ; Otoliths slideto §# j=  $=/~——_ %emicircular | 
into three areas — the outer ear, the middle ear and the inner ear. . ao one side and pul 
jelly and hairs. 


© Outer ear or external ear. An outer e Middle ear or tympanic cavity. An 








“shell” of skin and cartilage* (pinnaor _ air-filled cavity which contains a chain Nerve fibres 
° . a . (receptors*) send 
auricle), together with a short tube of three tiny bones (ear ossicles or impulses to brain % 
Wey 


(ear canal or external auditory 
canal). The tube lining contains 
special sebaceous glands* 


(ceruminous glands) which secrete 


cerumen (ear wax). 





Outer ear 

e Inner ear or internal ear. 
A connected series of 
cavities in the skull, with 
tubes and sacs inside them. 
The cavities (cochlea, 
vestibule and 
semicircular canals) are 
called the bony labyrinth 
and are filled with one fluid 
(perilymph). The tubes 
and sacs are filled with 
another fluid (endolymph) 
and are called the ‘ 
membranous labyrinth. 
They are the cochlear 
duct, saccule, utricle and 
semicircular ducts. 


* Cartilage, 281; Pharynx, 294; Sebaceous glands, 310. 


in skull, covered b 











auditory ossicles) called the malleus 
(or hammer), incus (or anvil) and 
stapes (or stirrup). 


Hair cells 






. Cupula moved by 
Nerve fibres movement of 


(receptors) send endolymph, and 
impulses to brain. pulls on hairs 









Semicircular 
ducts 





Semicircular 
canals 
















Oval window or oy 
fenestra ovalis. eSemicircular canals. A system of 
Oval-chagee three looped cavities. They are part of 














Saccule the inner ear and are positioned on the 


eSaccule (sacculus) and utricle three different planes of movement, at 












(utriculus). Two sacs lying between right angles to each other. 
the semicircular ducts and the eSemicircular ducts, Three looped 
cochlear duct. They contain endolymph tubes inside the semicircular canals. 
(see inner ear) and have special hair Each contains endolymph (see inner 
: cells in patches in their linings. These ear) and a special sensory body, which 
cells have nerve fibres (dendron* lies across the basal swelling (ampulla, 
endings) attached to them and hairs pl. ampullae) of the duct, The sensory 
Pe aditory tabe. Air-filled embedded in a jelly-like mass called bodies (cupulae, sing, cupula) work 
tube leading to pharynx’. \ a macula (pl. maculae). This contains in a very similar way to maculae (see 
ee ot pressure on bel grains of calcium carbonate (otoliths). | saccule) ~ each consists of a jelly-like 
SU oeuvre to ae The maculae send the brain mass (without otoliths) and hair cells. 
: duct information about forward, backward, They send the brain information 
sideways or tilting motion of the head. about rotation and tilting of the head. 













a) Sound waves (air vibrations) 
come in along ear canal and make 
eardrum vibrate. 









and hearing 






b) Ear ossicles pick up vibrations 
Scala vestibuli or and pass them to oval window 
vestibular canal. | (lever Lone Sey vibrations 







Channel filled with 
perilymph. Runs 
up and round to 
apex of spiral Nerve fibre 
where it does a 

U-bend and 

becomes the scala tympani. 


Scala tympani or tympanic 
canal, Channel filled with 
perilymph running down 

and round from apex of spiral. 






ava uae, 
_ waves in perilymph of vestibule, 


eee 







waves in 










also a third channel - the ¢ coc — aot 


* Dendron, 304 (Dendrites); Receptors, 307. 











Fallopian tubes or uterine tubes. 
Carry ova to uterus after ovulation”. 











The reproductive system 


Reproduction is the process of producing new life. Humans reproduce by 
sexual reproduction* (described on pages 318-319) and the reproductive 
organs involved (making up the reproductive system) are called the 

genital organs or genitalia. They consist of the primary reproductive 

organs, or gonads (two ovaries in woman, two testes in men) anda 

number of additional organs. In both women and men, cells in the gonads 


also act as endocrine glands*, secreting many important hormones”. Funnel-shaped 



























opening called 
. : infundibul 
The male reproductive s S ystem e Testes (sing. testis) or mu -Narrow area 
Kiaateaw et wate tl ' ve testicles. The two male loos ral 
organs —< , \ 2 gonads (see canal 4 
estis shown ; ; VI ih 
v introduction). They ay | outside 


contain tubelike canals 






Urethra" called easstutincnind The female reproductive system 
Sperm tybules, inside which e Ovaries. The two female @ Ovarian follicles. Corpus 


duct luteum * 






oe Graafian 





Testis SO the male gametes* (sex gonads (see Areas of tissue 
Penis Ae . J} / Bladder* cells), called sperm, are introduction). They are appearing regularly in es 
Ae x made after puberty” (for heldinplaceinthelower the ovaries after 
Anus* more about how sperm abdomen (below the puberty*. Each contains ¢ Uterus or womb, The 
a made, see pages kidneys) by ligaments*. a maturing ovum (see hollow organ, inside 
orpente 322-323). The testes lie These attach themtothe ovaries). The follicles which a developing 
” in a sac (scrotum), walls of the pelvis. The gradually get largerand baby (foetus*) is held, o1 
Loose skin . ; 
owek ail _ which hangs below the female gametes* (sex begin to secrete from which the ova (see 
—— (noel oe, abdomen (the | cells), called ova(sing. hormones’ (see ovaries) are discharged 
with many blood vessels. temperature for sperm ovum), are produced oestrogen, page 334). (see menstrual cycle, 
Epididymis (pl. epididymides). production must be regularly inthe ovaries | Each round of follicle page 318), It has a lining 
ee oe ena slightly lower than body (in ovarian follicles) production results in of mucous membrane“ 
perm are | 
stored. temperature). They also | after puberty*. For more only one fully mature (the endometrium), 
Sperm duct or vas deferens (pl. produce hormones* about how ova are made, follicle (Graafian covering a muscular wall 
ee ee (androgens — see pages see pages 322-323. follicle). with many blood vessels. 
anes Cating aay 334-335) after puberty. e Vagina. The muscular canal leading cycle*, receives the penis during 
interstitial cells (cells Ducts and glands (view from from the uterus out of the body. It copulation’ and forms the birth canal. 


between tubules) 


e Penis. The organ through which 
sperm (see testes) are ejected 









behind — testes not shown) , Sperm 


duct carries away the ova (see ovaries) and _ Its lining produces a lubricating fluid. 


inner uterus lining during the menstrual 















Ureter* 








’ ; Clitori 
(via the urethra*) during — e Vulva or pudendum. Acollective “Hood” formed aes 
copulation”. It is made of soft, | term for the outer parts of the minora 
spongelike erectile tissue, Bladder’ | female reproductive system — the 


which has many spaces (blood eet ect Seminal vesicles. 4) labia and the clitoris. The labia 
Secrete fluid are two folds of skin (one inside 


sinuses), blood vessels and urethra” and mixture which is 


nerve fibre endings (receptors*),  ‘““cretes ig al part of seminal the other) which surround the 
ee openings from the vagina and 


When a man is sexually excited, of seminal fluid".  — | 
the sinuses and blood vessels fill the urethra’. The clitoris is the : | | _ (opening from vagina) 
with blood (the blood vessels most sensitive part. Like the n f : ‘a 


_ Urethral orifice 
- (opening from urethra" ) 


expand). This makes the penis balbeasetheal diam i, penis, it is made of erectile 
stiff and erect. Secrete mucus’. } tissue and has many receptors”. 


prostate gland 


u Veametes, |), 
me 334; Ligaments, 280; Mucous membrane, 295; Ovulation, 318 (imate cycle); Puberty, 318; Receptors, 407, Urethra, 


316 * Anus, 295 (Large intestine); Bladder, 300; Ejaculation, 319 (Copulation); Endocrine glands, 297; Gametes, 321; Hormones, 334; * Anus, 295 (Large intestine); Copulation, 319; Corpus luteum, 3 cycle); Foetus 
Mucus, 295 (Mucous membrane); Puberty, 318; Receptors, 307; Seminal fluid, 319 (Copulation); Sexual reproduction, 320; Ureters, 
300; Urethra, 301. 
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Development and reproduction 


® Copulation. Also called coitus or 
sexual intercourse. The insertion of 
the penis* into the vagina’, followed 
by rhythmical movements of the pelvis 
in one or both sexes. Its culmination in 





Seminal » 









Changes at Sudden growth 
Humans reproduce by sexual puberty w 
* f Facial Hair ' Breasts, or 
reproduction”. The main acl . mammary 
thi ] wenres glands, develop 
processes this involves are cena (special glands 
described on these two pages, as_ enlarges for producing 
aa (voice gets milk). 
well as the initial developments deeper) 
which allow it to happen. Shoulders 
and chest 


® Puberty. The point when the 
reproductive organs mature, 
person becomes capable of 


broaden 






reproducing — roughly between the 
ages of 1] and 15 ingirls, and 13 and 15 
in boys. It involves a number of 
significant changes, all stimulated by 
hormones* (see oestrogen and 
androgens, pages 334-335). All the 


anda ” ae 
Whole body \_ ips widen 
becomes 
more muscular Ovaries* 
begin to 
produce 
oe pian ee 
ares ovulation 


and menstrual 
cycles begin 





new resulting features are called 
secondary sex characters, as distinct sperm (male 
from the primary sex characters — the 
sex organs present from birth (see 


pages 316-317). 


Menstrual cycle / Ovarian 
cycle as 


Ovum 
begins to 


® Menstrual cycle. A 
series of preparatory 
changes in the uterus* 
lining (endometrium), in 
case of fertilization. 
The lining gradually 
develops a new inner 
layer rich in blood 
vessels. If a fertilized 
ovum (female sex cell) 
does not appear, this 
new layer breaks down 
and leaves the body via 
the vagina* 


sex cells) 


Uterus lining 
mid-way through thi 


(menstruation). Each 
menstrual cycle lasts 
about 28 days and they 
occur continuously from 
puberty to menopause 
(usually between the 
ages of 45 and 50), when 
ova production ceases. 
The events of the 
menstrual cycle run in 
conjunction with the 
ovarian cycle — the 
regular maturation of an 
ovum in an ovarian 









Testes* begin Hair 
to produce appears 
round sex 


organs (pubic 
hair) 


Uterus lining 
fully thickened. 


ao 


Unfertilized ovum 
in uterus 


Day 2 


follicle*, followed by 
ovulation (the release of 
the ovum into a 
Fallopian tube”), and 
the breakdown of the 
corpus luteum. This 
body is formed from the 
burst Graafian follicle* 
(it does not break down 
if an ovum is fertilized). 
Both cycles are 
controlled by a group of 
hormones* (see pages 
334-335). 


* Fallopian tubes, 317; Graafian follicle, 317 (Ovarian follicles); Hormones, 334; Larynx, 298; Ovaries, 317; Penis, 316; 
. Progesterone, 334; Sexual reproduction, 320; Testes, 316; Uterus, Vagina, 317. 








the male is ejaculation — the ejection of 
semen from the urethra* (in the penis) 
into the vagina. Semen consists of 
sperm (male sex cells) and a fluid 
mixture (seminal fluid). 


Zona pellucida 







Nucleus 
will fuse ene 
with ovum nucleus oyyum 











Pregnancy 


®Pregnancy, or 
gestation, is the state 
of carrying young. 
The time between 
fertilization and 
giving birth 
(parturition) is the 
gestation period 
(about 9 months in 
humans) and the new 
developing individual 
in the uterus” is 
called a foetus, a term 
usually used instead 
of embryo” after 
about 2 months of 
pregnancy. A series 
of powerful muscular 
contractions called 
labour occur just 
before parturition. 


* Arteries, 288; Cleavage, 321 (Embryo); Fallopian tubes, 317; Nucleus, 238; Ovaries, 317; Penis, 316; Progesterone, 334; Prostate 
gland, Seminal vesicles, Sperm ducts, Testes, 316; Urethra, 301; Uterus, Vagina, 317; Veins, 288; Zygote, 321. 


“Tail” 
left 
behing Cell of anew baby 
























vesicle 


~. Prostate 
_ gland* 









baa: 
ft * 





Sperm 
expelled 
via urethra* 


(zygote*) is formed. The 
new cell travels towards 
the uterus*, undergoing 
many cell divisions 
(cleavage) as it does 
so. The ball of cells 
formed from these 
divisions then becomes 
embedded in the uterus 
wall (implantation), 
after which it is called an 
embryo”. 






@ Fertilization. A process 
which occurs after 
ejaculation if the sperm 
(male sex cells) meet an 
- ovum (female sex cell) 

- ina Fallopian tube”. 
One sperm penetrates 
the ovum’s outer skin 
(zona pellucida). Its 
nucleus* fuses with that 
of the ovum, and the first 





Placenta. “Feeds” 
foetus. Oxygen and 
food matter pass from 
mother's arteries* into 
spaces and then into 
foetal vein. Carbon 
dioxide and waste pass 
other way, to be carried 
away by mother's 
veins’. Placentaalso | 
produces gi 
progesterone”. A 





Intervillous spaces. 
Filled with 
blood from 
mother's 
blood vessels, 


Mother's 
blood 
vessels 
















Chorionic villi. Finger-like 
projections containing 
blood vessels leading 

from umbilical cord. 










Ce 
























_ Layer of tissue 















Thin laye 
of tissue 
called a 

















Amniotic sac 
containing cushionin 
amniotic fluid 







Contains two 
arteries* and one 
vein* 






Earlier on, ther 








and chorion. 


Gametophyte (main 
plant body). Has 
haploid number* of 
chromosomes". 


Antheridium (male 
organ) Cut away. 


e Alternation of generations. A Hexnetion: at apmareiane Gneee) 


reproductive process found in 

many simple animals and plants, 

e.g. jellyfish and mosses. In the — 
animals, a form produced by ie pa inte 
sexual reproduction alternates pai eis 


Types of reproduction 


Reproduction is the creation of new life, a process which occurs in all 
living things. The two main types are asexual and sexual reproduction, 
but there is also a special case called alternation of generations. 


New gametophyte 
grows from 
protonema. 
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Asexual reproduction 


@ Asexual reproduction is the simplest 
form of reproduction, occurring in 
many simple plants and animals. There 
are a number of different types, e.g. 
binary fission*, vegetative 
reproduction”, gemmation and 
sporulation, but they all share two 
main features. Firstly, only one parent 
is needed and secondly, the new 


e Gemmation. Called budding in 


ete Bud forms on 
y parent 







Bud separates 
from parent 








animals. A type of asexual 
reproduction occurring in many 
simple plants and animals, e.g. Hydra. 


Produces male 
gametes (by ordinary 
cell division). 












the plants, though, the alternation 
is really between two stages of 
sexual reproduction. One plant 
body (gametophyte) produces 
another (sporophyte) by sexual 
reproduction. This then produces 
spores (see sporulation) which 
grow into new gametophytes. 
However, the spores are made in 
the same way as gametes (see 


(protonem Z S 
with one produced asexually. In s = 






Male gametes 
“swim” to female 
ones (splashed into 
rosette by rain). 









Water-filled 
rosettes 
(cut away) 






Gametes fuse, 
forming 
sporophyte. 












Sporangium (capsule). 4. 
Spores formed inside F 


gametophyte. Has 


individual produced is always It involves the formation of a group of pages 322-323) and they (and the by special cell division, 
genetically identical to this parent. cells which grows out of the organism gametophytes) have only half the etna pi 
Fungus (@iaSpores @™ gm Spores § and develops into a new individual. It original number of chromosomes*. chromosomes’. 
(bread as forming Nap 0 Wie. _ cispersed either breaks away from the parent or The gametophytes produce gametes Sporophyte is stalk ae 
il | a ° . ° ° ° os a , 
mould > j\Y le 4 (in colonial* animals, e.g. corals) by ordinary cell division (see pages ae poe Produces female 
ke Lie hj gametes (by ordinary 


(7 
/ 


Spore capsule ‘ 
(sporangium) i fl 
A 4 





it stays attached (though self- 






240-241), as there is no need to halve 


diploid number’ of cell division), 


uiraeee contained). the chromosomes again. chromosomes’. 

Tee ea Eek << eGametes or germ cells e Zygote. The first cell of 
Meshof a eR I 3 g , ygote. The first cell ofa 
threads —PJEeaOe eae 2 | Sexual reproduction The sex cells which join in 


(mycelium) “SJ. USOT el 

@ Sporulation. The production of bodies 
called spores by simple plants, e.g. 
fungi and mosses. After dispersal by 
wind or water, these develop into new 
plants. There are two types of spore 
and, though only one parent is needed 
in both cases, true asexual 
reproduction really only occurs with 
one type. These spores are produced 
in plants such as simple fungi by 
ordinary cell division (see pages 240- 
241) and develop into plants which are 
identical to the parent (an important 
feature of asexual reproduction). The 
second kind of spore, however, is 
produced (e.g. in mosses and ferns) 
by a special kind of cell division « 
(see pages 322-323) which is a feature 
of sexual reproduction. The new 
plants are not the same as the parent 
(see alternation of generations). 





e Sexual reproduction is the type of 
reproduction shown by all flowering 
plants and most animals. It involves 
the joining (fusion) of two gametes 
(sex cells), one male and one 
female. This process is called 
fertilization, and is further 
described on pages 258 (flowering 
plants), 319 (humans and similar 
animals) and 276 (other animals). The 
two gametes each have only half the 
number of chromosomes” (called 
the haploid number‘) as the plant 
or animal which produced them. 
This is achieved by a special kind of 
cell division (see pages 322-323) 
and ensures that when the gametes 
come together, the new individual 
produced has the correct, original 
number of chromosomes (called the 
diploid number*). 


* Binary fission, 240 (Cell division); Chromosomes, 324; Colonial, 342; Diploid number, 240 (Mitosis); Haploid number, 322 


(Meiosis); Vegetative reproduction, 262. 





sexual reproduction to 


Ovum ff 
form a new living thing. w 4 ' 
2). cafehe\ 
Q Be 







Sperm | new living thing. It is 
j ) J formed when a male and 
4 @ 


female gamete join (see 
sexual reproduction). 

Res i © eEmbryo. A new 

ENG developing individual. It 
: grows from one cell (the 
zygote) by a series of 
cell divisions (see pages 
spermatozoon) in animals 240-241) called cleavage. 
and spermatozooids in In humans, this first 


simple plants. In flowering Nertiaia c me produces a ball of cells 
plants, they are just nuclei* cee \ . (morula) from the one 


They are made by a special 
kind of cell division (see 
pages 322-323). In animals 
and simple plants, male 
gametes are known as 
sperm, short for 
spermatozoa (sing. 





(rather than cells) and are original, and then a 
called male nuclei (see larger, hollow ball 

also pages 258 and 323). (blastocyst). After 
Female gametes are called i: - implantation”, this is 
ova (sing. ovum) or egg ee, called the embryo. As it 
cells (egg cell is usually Yee grows, the cells become 
used in the case of plants). A 
sperm is smaller than an ovum 
and has a “tail” (flagellum *). 


oA oe Pa 
r. 2°. hese 
Gino ‘ea Human embryo 
aS Sec eeae 
| ia 


differentiated, i.e. each 
develops into one kind 
of cell, e.g. a nerve cell. 


* Chromosomes, 324; Diploid number, 240 (Mitosis); Flagella, 268; Haploid number, 322 (Meiosis); Implantation, 319 
(Fertilization); Nucleus, 238. 











Cell division for reproduction 


Many cells within a living thing can divide to produce new cells for growth 
and repair (see pages 240-241). There is, however, a second type of cell 
division, which happens specifically to produce the gametes* (sex cells) 
needed for sexual reproduction* (and also one of the two types of 
spore”). The division of the nucleus”* in this type of cell division is called 
meiosis. The production of gametes, including both the cell division and 
the subsequent maturing of the gametes, is called gametogenesis. 


@ Meiosis. The division of the nucleus* (coins in Carly prophase 


when a cell divides to produce sex : 
cells (see introduction). It canbe split  Shrematid ao 
into two separate divisions — the first crossing 
meiotic division (or reduction 
division) and the second meiotic 
division (each is followed by division 
of the cytoplasm”). These can be e, aa 
divided into different phases (as in Chromatids of each tetrad cross over each other at 
mitosis"). Meiosis in general, and the _—Plaves-clled chiasmata cing. chiasma) Two 
first meiotic division in particular, swap over. Causes mixing of genes* (helping to ensure 
ensures that each new daughter te tee 
nucleus receives exactly half the 

number of chromosomes” as the 
original nucleus. The original number Mgrs oee 
is the diploid number (see mitosis, ee 
page 240); the halved amount is the 

haploid number. Astral 


rays* 








Homologous 
chromosomes 






First meiotic division 


These pictures show an animal cell, but only four Centriole 


chromosomes” are shown. 
Homologous chromosomes (each a pair of 


Prophase (early stage) 
Centromere chromatids) move together to equator of cell. 
(body joining two 
’ Py eay tu 












Homologous 
chromosomes 







Centromere 
attached to 
spindle 
"N10 Centrioles* fibre 
Homologous : 
chromosomes ¥:; . : 
(each a pair ee Spindle 
of chromatids) (made 
forming tetrad. up of 
fibres) 
Threads of chromatin” in nucleus* coil up to form Centriole* 
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chromosomes”. Paired chromosomes (homologous 
chromosomes) line up side by side, forming pairs 
called bivalents. Each chromosome duplicates, 
becoming a pair of chromatids (each group of four 
chromatids now called a tetrad). Centrioles* move to 
opposite poles of cell. 


Nuclear membrane” disappears, two centrioles* form 
a spindle (see metaphase of mitosis, page 241). 
Chromosomes” (pairs of chromatids) become 
attached to spindle by centromeres. 


* Astral rays, 241; Centrioles, 240; Chromatin, 238 (Nucleus); Chromosomes, 324; Cytoplasm, 238; Gametes, 321; Genes, 325; 
Mitosis, 240; Nuclear membrane, 238 (Nucleus); Sexual reproduction, 320; Spores, 320 (Sporulation). 
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Homologous chromosomes (each still a pair of 
chromatids) separate (see Law of segregation, page 
326), dragged apart by fibres of spindle. 


Two new 
centrioles* 


Two new cells 






New 
nuclear ry 
membrane* 


Chromosomes* (about to uncoil) 
Spindle disappears, centrioles* duplicate. Happens in 
conjunction with cytokinesis (division of cytoplasm“). 
Two new cells formed, each with half the original 
number of chromosomes* (each two chromatids). 
Interphase* (intervening period) usually follows, in 
which case nuclear membranes* form and 
chromosomes uncoil again to form threadlike mass 
(chromatin’”). 


Second meiotic division 


The second meiotic division happens 
in the cells produced by the first 
meiotic division. It occurs in exactly 
the same way, and with the same 
phases, as mitosis* (when the 
nucleus” divides as part of cell 
division for growth and repair) and is 
followed in the same way by the 
division of the cytoplasm*. The only 
difference is that each dividing nucleus 
now has only the haploid number of 
chromosomes* (see meiosis) so the 
resulting new sex cells (gametes”) will 
also be haploid. The second division 
differs according to whether male or 
female gametes are to be produced, 
and the final maturing of the gametes 
after the second division is different in 
animals and plants (see text right). 


Gamete production (male) 


Two cells formed 
from first meiotic 
division (haploid 
number of 
chromosomes” in 
nuclei) 





Four cells result 
from second 


(spermatids in 
animals 





Mature into 
sperm in 
animals and 
simple plants 
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Two cells formed from first meiotic division divide 
again (see second meiotic division). In animals, 
resulting four cells called spermatids and mature into 
male gametes* (sex cells), or sperm. In simple plants, 
four cells either develop into sperm or into type of 
spore” involved in alternation of generations’. In 
flowering plants, nuclei* of four cells each divide again 
(mitosis*). Resulting cells (pollen* grains) each have 
two nuclei (one later divides again to form two male 
nuclei"). 


Gamete production (female) 


Two cells formed from first meiotic division (haploid 
number of chromosomes” in nuclei) 











polar body 
dies away 
Two cells 
result from 4 
second 
meiotic Second 
division polar body 
dies away. 


Remaining cell 

(ootid in animals, 

embryo sac in Matures into 
flowering plants) ovum in animals 


One of two cells formed by first meiotic division dies 
away (called first polar body). Other divides again (see 
second meiotic division). Of two resulting cells, one 
(second polar body) dies away. In animals, other one 
called ootid and matures into female gamete* (sex cell), 
or ovum. In flowering plants, other one called embryo 
sac and its nucleus* divides three more times (by 
mitosis* ). Of eight new nuclei, six have cells form 
around them, two stay naked. One of six cells is female 
gamete, or egg cell (see ovule, page 258). Formation 
of egg cell in simple plants is very similar. 


Y~ meiotic division 








* Alternation of generations, 321; Centrioles, 240; Chromatin, 238 (Nucleus); Chromosomes, 324; Cytoplasm, 238; Gametes, 32]: 32 x 


Interphase, 241; Male nuclei, 321 (Gametes); Mitosis, 240; Nuclear membrare, 238 (Nucleus); Pollen, 258; Spores, 320 
(Sporulation). 








Genetics and heredity 


Genetics is a branch of biology. It is the study of inheritance -— the passing 
of characteristics from one generation to the next. The bodies which are 
instrumental in this process are called chromosomes. Each chromosome 
is made up of genes — the “coded” instructions for the appearance and 
constituents of an organism. For more about inheritance, see page 326. 
found in the nuclei* of all cells, hence 


Every nucleus* has ~ 
Y ’*'thesamenumber . \ 
s Pucues § of chromosomes Pah r eg 
WY their name (RNA is also found in the 


Sli :+\ eytoplasm* — see ribosomes, page 
N°.) 239). Each molecule of a nucleic acid 

ee is very large, and is composed of many 
:/ individual units called nucleotides. A 
DNA molecule consists of two chains of 
nucleotides twisted around each other, 
forming a shape called a double helix 
(rather like a twisted ladder). An RNA 
molecule consists of one chain of 
nucleotides (and looks like a 
ladder cut in half | tc 
lengthwise). | 


@Nucleic acids. Two different acids, 
called DNA (deoxyribonucleic acid) 
and RNA (ribonucleic acid). Both are 













Pair of homologous 
chromosomes 


eChromosomes. Structures present at 
all times in the nuclei®* of all cells, 
though they only become 
independently visible (as thread-like 
bodies of differing shapes and sizes) 
when a cell is dividing (and has been 
stained with a dye). Each one is made 
of a single molecule of DNA (see 
nucleic acids), plus proteins called 
histones. The DNA molecule is a chain 
of many connected genes. 

Every species” has its own number 
of chromosomes per cell, called the 
diploid number (humans have 46). 

These are arranged in pairs called 
homologous chromosomes. 

































| Nucleic acid 
structure 









DNA > 











Single 
nucleotides 







Gene is series of 
“rungs” (paired 
nucleotides) 


N = nitrogen base (linked nitrogen, 
carbon, hydrogen and oxygen atoms). 5 
types: 

A = adenine T = thymine 

(always paired in DNA) 

G = guanine C =cytosine 

(always paired in DNA) 

U = uracil (only found in RNA, replaces | « 
thymine of DNA) 





@\ 


S = sugar (linked carbon, hydrogen and 
oxygen atoms). Deoxyribose in DNA, 
ribose in RNA. 

P = phosphate group”. 





* Cytoplasm, Nucleus, 238; Phosphate group, 333 (ADP); Species, 338. 
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eGenes. Sets of “coded” 
instructions which make 
up the DNA molecule of 
a chromosome (in 
humans, each DNA 
molecule is thought to 
contain about 1000 
genes). Each gene is a ibe: 
connected series of D 
about 250 “rungs” on the oor (ators 
DNA “ladder”. Since the dark hair) 
order of the “rungs” 
varies, each gene has a 
different “code”, relating 
to one specific 
characteristic (trait) of 
the organism, e.g. its 
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exception of the sex 
chromosomes, the 
genes carried on paired 
homologous 
chromosomes (see 
chromosomes) are also 
paired, and run down the 
chromosomes in the 









e Codominance. A special situation * 
where a pair of genes controlling the 
same characteristic give different 
instructions, neither is dominant (see 
genes), but both are represented in the 
result. The human blood group” AB, 
for example, results from equal 
dominance between a gene for group 
A and one for group B. 


eSex chromosomes. One pair of homologous 


chromosomes (see chromosomes) in all 


cells (all the others are called autosomes). 


There are two different kinds of sex 
chromosomes, called the X and Y 


chromosomes. A male has one X and one Y. 


The Y chromosome carries the genetic 
factor (not a gene as such) determining 
maleness, thus all individuals with two X 
chromosomes are female. 


* Blood group, 287; Hormones, 334. 


Homologous 
. chromosomes \ 


<a— Genes — > 
Sy controlling 
hair colour 
in same 
position 







Person is heterozygous for hair 
colour, i.e. instructions from 
two genes are different. 






Homologous 







Person is homozygous for hair 
colour, i.e. instructions from 
two genes are identical. 





same order (one 
member of each pair on 
each chromosome). 
These paired genes 
control the same 
characteristic and may 
give identical 
instructions. However, 
their instructions may 
also be different, in 
which case the 
instructions from one 
gene (the dominant 
gene) will “mask out” 
those from the other (the 
recessive gene), unless 
incomplete dominance 


Recessive 
gene (orders 
fair hair). 
Recessive 
genes always 
written in 
lower case. 










blood group” or the oo or codominance is 
composition of a Ry ens — “3 shown. Two such non- 
hormone”. With the hair identical genes are 






called alleles or 
allelomorphs. 


The two examples have 
different genotypes for hair 
colour, i.e. different sets of 
instructions (DD and Dd), but 
are the same phenotype, i.e. 
the resulting characteristic is 
the same (dark hair). ° 


Incomplete dominance or blending. 
A situation where a pair of genes which 
control the same characteristic give 
different instructions, but neither is 
dominant (see genes) or obvious in the 
result. For example, a lack of 
dominance between a gene for red 
colour and one for white results in the 
intermediate roan colour of some cows. 


Female Ae 


> X 
aN 14) chromosomes 
, Male 


Y chromosome (shorter, 
lacks many genes — 
see sex linkage, page 326). 


X chromosome 
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Inheriting genes 


Every new organism inherits its chromosomes* (and genes“) from its parents. In 
sexual reproduction”*, the sperm* and ovum’ (sex cells) which come together to 
form this new individual have only half the normal number of chromosomes 

(the haploid number — see pages 322-323). This ensures that the zygote” (first 
new cell) formed from the two sex cells will have the normal number (see 
chromosomes, page 324). Two laws (Mendel’s laws) point out genetic factors 
which are always true when cells divide to produce sex cells. 


One gene 


Homologous in female sex cell 


ene 
chromosomes“ g 


of genes 

on new 
homologous chromosomes 
in first cell of new baby. 


Paired genes* 
in parent cell 


Female 
parent 


z le: 
eLaw of independent ee 


assortment 
(Mendel’s second 
law). Each member of 
a pair of genes* can 
join with either of the 
two members of 
another pair when a 
cell divides to form 
gametes* (sex cells). 
Hence all the different 
mixes are possible in 
a new individual. 


Paired genes* 
controlling 
hair colour 


are Male 
_ parent 


Only possible 
combination of 
genes in sex cells hair 
Example: A gene” related to sight Cc 


is found on the X chromosome * (dominant* ) 


c colour-blindness gene 


Colour-blind (recessive) 


mother (both 
genes 
recessive) y 





xe) 


¥_ offspring i. ay colour- 


* Homologous chromosomes, 324 (Chromosomes); Nucleus, 238; Ovum, 321 (Gametes); Recessive, 325 (Genes); Sexual 
reproduction, 320; Sperm, 321 (Gametes); X and Y chromosomes, 325 (Sex chromosomes); Zygote, 321. 


Daughter would offspring 


not be colour- 

blind, but would 

be a “carrier” 

of recessive 

gene. a a S 


x° xe x° x° 


Dark, curly 


Father with 
normal sight 


Son would 
blind 


One Law of segregation (Mendel’s first 


law). Homologous chromosomes* 
always separate when the nucleus’ of 

a cell divides to produce gametes* 

(sex cells -see pages 322-323), hence 

so too do the paired genes* which 
control the same characteristic. The 
offspring thus always have paired 

genes (one member of each pair coming 
from each parent). 


dark hair gene* 
(dominant* ) 

fair hair gene 
(recessive” ) 
curly hair gene 
(dominant) 
straight hair gene 
(recessive) 


Paired 
genes controlling 
hair type 


<= Possible 3» 
sex cells 


~«a- Possible —» 
m. Offspring 


Kos 


Dark, straight Fair, curly Fair, straight 
hair hair hair 


normal sight gene* 


® Sex linkage. The two sex (X) 
chromosomes” in a female 
contain many paired genes* 
(like all chromosomes”), but 
the Y chromosome” in a male 
lacks partners for most of the 
genes on its mate (the X). Thus 
any recessive* genes on the X 
will show up more often in 
males (see left). The unpaired 
genes on the X are sex-linked 











Fluid movement 







e Diffusion. The movement of 
molecules of a substance from an 
area where they are in higher 
concentration to one where their 
concentration is lower. This is a 
two-way process (where the 
concentration of a solute is low, 
that of the solvent will be high, so 
its molecules will move the other 
way) and it ceases when the 
molecules are evenly distributed. 
Many substances, e.g. oxygen 
and carbon dioxide, diffuse into 
and out of cells. 














Cell membrane* 


Concentration of 
glucose (solute) 
lower outside 
cell (fluid is 
hypotonic 
to cell) 

























Water 
molecules a 
(solvent) pass in ese 
(osmosis) until ail 
concentrations evened 
















out (when fluid outside becomes isotonic to cell). 


e Active transport. A process which occurs when 
substances need to travel in the opposite direction to that in 
which they would travel by diffusion (i.e. from low to high 
concentration, e.g. when cells take in large amounts of 
glucose for breakdown). It is not yet fully understood, but it 
is thought that special “carrier” molecules outside a cell 
“pick up” particles, “carry” them through the cell 
membrane“, release them and return to the outside for 
more. Energy is needed for this action (since it opposes the 
natural tendency). This is supplied in the form of ATP’. 





The movement of substances around the body, especially their movement 
in and out of cells, is essential to the life of an organism. Food matter must be 
able to pass into the cells, and waste and harmful material must be able 
to move out. Most solids and liquids travel round the body in solutions, 
i.e. they (solutes) are dissolved in a fluid (the solvent — normally water). 


Cell membrane”. All cell membranes 


are semipermeable (selectively-permeable), Concentration 













ie. they allow of oxygen 
some substances (solute) 
through, but higher 
not others. than 
inside 
cell. 
Concentration 
of water Tissue 
(solvent) fluid* 
lower than 
inside 
‘cell. 
Oxygen 
Water molecules molecules 
diffuse outwards diffuse into cell 


(small enough 
to pass through membrane). 


(small enough to 
pass through membrane). 


If concentration of solute 
higher outside, fluid ® Osmosis. The movement of 


is hypertonic to 


molecules of a solvent through a 

semipermeable membrane (see 

‘ above) in order to lower the 
concentration of a solute on the 
other side of the membrane, and 
even out the concentrations either 
side. This is a one-way type of 
diffusion, occurring when the 
molecules of the solute cannot pass 
the other way. Osmotic pressure is 
the pressure which builds up in an 

molecules enclosed space, e.g. a cell, whena 

cannotleave. s9lyent enters by osmosis. 


®Pinocytosis. The 
taking in of a fluid 
droplet by inward- 
folding and 
separation of a 
section of cell 
membrane* 
(forming a 
vacuole*). Most 
cells can do this. 





* ATP, 333; Cell membrane, 238; Tissue fluid, 292; Vacuoles, 238. 
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e Vitamins. A group of substances co-enzymes”, i.e. to help enzymes” 
vital to animals, though only needed in catalyse chemical reactions. See page 
tiny amounts. The most important 337 for a list of vitamins and their 
function of many vitamins is to act as functions. 










Food and how it is used 


Food is vital to all organisms, providing all the materials needed to be 
broken down for energy, to regulate cellular activities and to build and 
repair tissues (see pages 330-333). Of the various food substances, 
carbohydrates, proteins and fats are called nutrients, and minerals, 

vitamins (not needed by plants) and water are accessory foods. Plants 

build their own nutrients (by photosynthesis*), and take in minerals 

and water; animals take in all the substances they need and break them 


down by digestion (see pages 336-337). 


Carbohydrates. A group of broken down by digestion (see page 
substances made up of carbon, 336) into the simple carbohydrate 
hydrogen and oxygen, which exist in glucose. The breakdown of glucose 
varying degrees of complexity (see (internal respiration*) provides 
“terms used”, page 337 and also almost all the energy for life’s 

page 204). In animals, complex activities. Plants build up glucose from 
carbohydrates are taken in and other substances (by photosynthesis“). 






and teeth. Many are found in 

enzymes* and vitamins. They 
include trace elements, e.g. copper 
and iodine, present in tiny amounts. 





®Minerals. Natural inorganic 
substances, e.g. phosphorus and 
calcium. They form a vital part of 
plant and animal tissue, e.g. in bones 
















®Roughage or fibre. Bulky, enzyme”, called cellulase. (Some 
fibrous food, e.g. bran. Much of it is animals, e.g. snails, do have this 
made up of cellulose, a enzyme, and others, like cows, who 
carbohydrate found in plant cell must digest cellulose, do so in another 
walls*. Unlike most carbohydrates, way — see rumen, page 271.) The fact 
this cannot be digested by most that roughage is bulky means that food 
animals, including humans, because can be gripped by intestinal muscles, 
they lack the necessary digestive and so moved on through the system. 





















































lice Built up to form Broken down 
in internal 


Ry) Broken down to form XX sieht” 


producing energy 







(enzymes*), which play a vital role in 


controlling cell processes. 
Plants build up amino acids from the 






Converted into 


e Proteins. A group of substances 
made up of simpler units called amino 








GLYCOGEN 












acids. These contain carbon, hydrogen, 
substances they take in (by 
STARCH In plants, if In animals, if 
(complex not needed not needed (or animal 
straight straight starch ~ complex 
carbohydrate). 











Stored in liver 


carbohydrate). 
away away 
or muscles, 


f Taken in as plant 
matter by animals. 





oxygen, nitrogen and, in some cases, 
sulphur. Most protein molecules photosynthesis”* ), and then build 
consist of hundreds, maybe thousands, proteins from them. Animals take in 

of amino acids, joined togetherby links proteins and break them down into 
called peptide links into one or more _ single amino acid molecules by 
chains called polypeptides*. The digestion (see page 336). These are 
many different types of protein each then transported in the blood to all the 

body cells and reassembled into the 









In animals, when 
needed for energy 




















GLUCOSE 


(simple f°. , : 
ear etce atte In animals, if needed 


In plants, when 
needed for energy. 
In animals, in digestion. 













































have a different arrangement of amino 

acids. They include the structural different proteins needed (see 

proteins (the basic components ofnew ribosomes, page 239 and also page i | ee ea | Moo 
a on OORT SMR) Serene 

QA Xs AN pata: ee ~ see fats) 





In new developing eee esatcete ’ 


plants to build 

new growth. Hardly Nase atrecntatcetoncatee 

ever in animals. fo LS 

occasionally 

in plants. a 

orca Happens if no ; mi 

<: | carbohydrat 

SS or fats perere glycogen 

available. full”. 
Happens 

in liver. 


cells) and catalytic proteins 

























@Fats. A group of substances made (as well as glucose), this occurs 
up of carbon, hydrogen and a small in the liver. This results in some 
amount of oxygen (see also lipids, products which the liver can convert to 
page 205). Plants build fats from the glucose, but others it cannot. These are 
substances they take in and their seeds instead converted elsewhere toa 
hold mostlas a store of food. Thiscan | substance which forms a later stage of 
be converted to extra glucose (see glucose breakdown. Fatty acids and 

carbohydrates) to provide energy glycerol not needed for energy are 
for the growing plant. Digestion of fats | immediately recombined to form fat 

in animals produces fatty acids and particles and stored in various body 

areas, e.g. under the skin (see 


glycerol (see page 336). If these 
need to be broken down for energy subcutaneous layer, page 310). 













In plants and animals 
(see proteins) 


































an OEE Y—_Inplants, 
; MO ES to build new 
In animals, foo growth, esp. in 
in digestion [ES new developing 

* SS oss plants. Rarely in animals 





























* Cell wall, 238; Co-enzymes, 33] (Enzymes); Digestive enzymes, 336; Internal respiration, 332. 


* Enzymes, 331; Internal respiration, 332; Photosynthesis, 254; Polypeptides, 337. 
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© Kilojoule. A unit of energy, measuring BMR combine certain 
specifically used in biology when known facts about the number of 
referring to the amount of heat energy kilojoules produced by the 
produced by the catabolism of food, breakdown of different substances 
and hence when measuring a person’s witha measurement of oxygen 
basal metabolic rate (see metabolic consumption obtained under 
rate). The calculations involved in controlled conditions (see below). 






Metabolism 

Metabolism is a collective term for all the complex, closely-coordinated 
chemical reactions occurring inside an organism. These can be split into 
two opposing sets of reactions, called catabolism and anabolism. The 
rates of the reactions vary in response to variations in the organism's 
internal and external environments, and they play a major role in keeping 


internal conditions stable (see homeostasis, page 333). 











4 


To work out a person’s basal metabolic rate (BMR = kJ/m?/hr) 






Facts known (worked out using a piece of apparatus 

called a calorimeter): heat energy to heat c.5050g water by 1°C). 

l. If 1 litre of oxygen is used to break down 2. With fats, the result from 1 litre oxygen is c.19.74 kJ. 
carbohydrates, c.21.21 kJ are produced (i.e.enough 3. With proteins —c.19.32 kJ. 





digestion, most is lost as heat, but in 
internal respiration, it is used for the 





Catabolism. A collective term for 











all the reactions which break down 
substances in the body body’s activities). This is despite the 
fact that, as with all chemical reactions, cal 
First calculation: 
| Heat energy generated when food (in general) is broken down using 1 litre of 
oxygen = the average of the three figures above, i.e. 20.09 kJ (provided subject 






(decomposition reactions). One 

example is digestion in animals, which catabolism itself requires energy. This 
breaks down complex substances into energy (needed) is taken from the 
simpler ones (see chart, page much greater amount of energy 
336-337). Another is the further produced during the reactions. The 
breakdown of these simple substances _ rest of this is released, hence the 

in the cells (internal respiration”). overall result is always an energy 
Catabolism always liberates energy (in “profit”. 


measured has taken in equal amounts of the three foodstuffs). 



















Measure the oxygen used by a subject’s Oxygen in cylinder 
body in a fixed time. Done using a 
spirometer (respirometer): | 






Small amount of oxygen breathed out 
returns to cylinder. 










Soda lime absorbs carbon dioxide. 





Subject breathes in from cylinder this 





always needs energy to be taken in, 
since the small amount produced 





Trace drawn as cylinder moves up 





@Anabolism. A collective term for 
































! all the reactions which build up 
substances in the body (synthesis during the reactions is never enough and down. 
reactions). One example isthe linking (i.e. the overall result of anabolism is an ee : * 

; Pt ” : verall trend of trace is up (cylinder Raabe Zl 
together of amino acids to form energy “loss”). The extra energy is rove ENG a Hin VO. Ci CAEP GIL ae laa EE. mn tr? 
proteins (see page 328). Anabolism taken from the catabolism “profit”. decreases). tO : 

: : Calculations (example): SoCregaoy: PUREE EERIE thea RyK=< ig bn tN A , 
- Metabolic rate. The overall rate a opposite). ; 5 l. (Measured) Subject used 1.5 litres oxygen in 5 mins. ER Pt se, 
which metabolic reactions occur in an People with high BMR can eat large : Hence he would use 18 litres in 1 hr (1.5 x 12). eo ES 
. pik . : - : . . . (Known) 20.09 kJ produced when food broken down by | litre oxygen. a WS ee 
individual. In human beings, it varies amounts without putting on weight, 4. Hence 361.62 kJ produced if food brokwn down by 18 litres (20.09 x 18). . Subject breathes out “AQSy 
widely from person to person, and in because their catabolism of food 5. Hence ar produced by breakdown of food in — of subject's to cylinder this way. 
: pody in . (he would use tres per hour — see point 2). 
matter (in the cells) happens so fast that 6. But BMR is measured in kJ per sq. metre of body surface per lir. 
7. Standard chart used to work out body surface in sq. metres. 
8. 361.62 divided by body surface (e.g. 2 m?) = 180.81 kJ/m?/hr (BMR). 






the same individual under different 
conditions. It increases under stress, not much fat‘is stored. This fast rate of 
when the body temperature rises and reactions also often results in “excess” 
during exercise, hence the true and energy (i.e. energy not needed for 
accurate measurement of a person's anabolism), so they may appear to 
metabolic rate is a measurement taken have a lot of “nervous energy”. People 
when the subject is resting, has a with low BMR put on weight easily and 
normal body temperature, and has not often appear to have little energy. 
recently exercised. This is called the The metabolic rate is influenced by a 
basal metabolic rate (BMR) and is number of hormones’, especially STH, 
expressed in kilojoules per square thyroxin, adrenalin and 
noradrenalin. For more about these, 


metre of body surface per hour (see 
measuring method and calculations see pages 334-335. 


®Enzymes. Special proteins (catalytic | There are many different types of 

proteins) found in alllivingthingsand enzyme, e.g. digestive enzymes, 

vital to the chemical reactions of life. which control the breakdown of 

They act as catalysts’, i.e. they speed complex food material into simple 

up reactions without themselves being soluble substances (see text and chart, 

changed. Many enzymes are aided by pages 336-337), and respiratory 

other substances, called co-enzymes, enzymes, which control the further 

whose molecules are able to “carry” breakdown of these simple substances 
in the cells to liberate energy (i.e. 


the products of one reaction (catalysed 
by an enzyme) on to the next reaction. internal respiration”). 




































































* Catalyst, 161; Internal respiration, 332. 


330 * Hormones, 334; Internal respiration, 332. 
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Energy for life and homeostasis 


A living thing needs energy for its activities. This energy comes froma 
series of chemical reactions inside its cells, known as internal 
respiration, tissue respiration or cellular respiration. The cells contain 
various simple food substances, which are the results of digestive 
breakdown in animals (see pages 336-337) and photosynthesis” in plants. 
These substances all contain stored energy, which is released when 
internal respiration breaks them down. In almost all cases, glucose is the 
substance broken down (see carbohydrates and diagram, pages 328- 
329 and also equation, page 323). There are two kinds of internal 
respiration — anaerobic and aerobic respiration. 


oxygen. This breakdown releases the 





® Anaerobic respiration. A type of 
internal respiration which does not bulk of the energy. In abnormal 

need free oxygen (oxygen taken into conditions, however, it may not be 

the body). It takes place inthe cells of possible for the aerobic stage to follow 
all organisms and releases a small immediately, in which case a further 
amount of energy. In most organisms, it stage of anaerobic respiration occurs 
consists of a chain of chemical (see oxygen debt). 

reactions called glycolysis, which In some microscopic organisms, e.g. 
break down glucose into pyruvic yeast and some bacteria, anaerobic 
acid. In normal circumstances thisis respiration always mns through all its 
then immediately followed by aerobic stages, providing enough energy for 
respiration, which breaks downthis their needs without requiring oxygen. 


poisonous acid in the presence of 





reacts in the mitochondria* with the 
pyruvic acid produced in anaerobic 
respiration. Carbon dioxide and water 





® Aerobic respiration. A type of 
internal respiration which can only 
take place in the presence of free 





and chemical energy is released, 
which is then “stored” as ATP. 

Aerobic respiration is an example of 
oxidation — the breakdown of a 
substance in the presence of oxygen. 


is the way in which most living things 
obtain the bulk of their energy and 
follows a stage of anaerobic 
respiration. Oxygen (brought by the 
blood) is taken into each cell and 








e Oxygen debt. A situation which produced in the first, anaerobic, stage 
occurs when extreme physical of respiration. Instead, the acid 
exercise is undertaken by anorganism undergoes further anaerobic reactions 
which shows aerobic respiration. to convert it to lactic acid (much less 
Under these circumstances, the harmful). This begins to build up, and 
oxygen in the organism's cells is used the organism is said to have acquired 
up faster than it can be takenin. This an oxygen debt. This is “paid off” later 











means that there is notenoughtobreak by taking in oxygen faster than 
usual to break down the lactic acid. 


down the poisonous pyruvic acid 


* Mitochondria, 239; Photosynthesis, 254. 




















oxygen (oxygen taken intothe body).It are the final products of the reactions, . 















© ADP (adenosine diphosphate) and 
ATP (adenosine triphosphate). Two 
substances which consist of a chemical 
grouping called adenosine, combined 
with two and three phosphate groups 
respectively. A phosphate group 
consists of linked phosphorus, oxygen 
and hydrogen atoms. It can combine 
with other substances (either by itself 
or linked with other phosphate groups 
in a chain). When aerobic respiration 
occurs, the chemical energy released 
is involved in reactions which result in 
a conversion of ADP molecules into 
ATP molecules (by attachment of a 


Homeostasis 








Homeostasis is the maintenance, by 
an organism, of a stable internal 
environment, i.e. a constant 
temperature, stable composition, level 
and pressure of body fluids, constant 
metabolic rate”, etc. This is vital if the 
organism is to function properly. It 
requires the detection of any deviation 
from the norm (caused by new internal 
or external factors) and the means to 
correct such deviations, and is 
practised most efficiently in birds and 
mammals*, e.g. humans. Their 
detection of deviations is achieved by 
the feedback of information to 
controlling organs. The blood glucose 
level, for example, is constantly being 
detected by the pancreas (i.e. 
information is “fed back”). The 
correction of deviations is achieved by 
negative feedback, i.e. feedback 
which “tells” of deviations and results 
in a change of action. If the glucose 
level gets too high, for example, the 
pancreas reacts by producing more 





* Hypothalamus, 303; Insulin, 334; Mammals, 341; Metabolic rate, 








third phosphate group in each case). 
The energy taken in to effect these 
reactions can be regarded as being 
“stored” in the form of ATP. This is a 
substance which can be easily stored 
in all cells (it is found in especially 
large quantities in cells which require a 
lot of energy, e.g. muscle cells). When 
the energy is needed, reactions occur 
which convert ATP back into ADP. 
These reactions result in an overall 
release of energy — the “stored” 
energy. In this way, power is supplied 
for the cell’s activities. 




















insulin” to reduce it (see also 
antagonistic hormones, page 334). 
Most homeostatic actions are, like this 
example, controlled by hormones, 
many of which are in turn controlled by 
the hypothalamus” in the brain. An 
example of the importance of the 
hypothalamus in homeostasis is the 
control of body temperature. All birds 
and mammals, e.g. humans, are 
homiothermic (warm-blooded), i.e. 
they can keep a constant temperature 
(about 37°C in humans) regardless of 
external conditions (the opposite is 
poikilothermic, or cold-blooded). A 
“thermostat” area of the hypothalamus, 
called the preoptic area, detects any 
changes in body temperature and 
sends impulses either to the 
heat-losing centre or to the 
heat-promoting centre (both also 
found in the hypothalamus). These 
areas then send out nervous impulses 
to cause various heat-losing or 
heat-promoting actions in the body. 


330. 


















334 





Hormones 


Hormones are special chemical 
“messengers” which control various activities 
inside an organism. These pages deal with 
the hormones produced by humans and their 
related groups. Plants also produce 
hormones (phytohormones), though these 
are not yet fully understood (see abscission 
layer, page 249, and photoperiodism and 
growth hormones, page 251). Human 
hormones are secreted by endocrine 
glands*. Some act only on specific body parts 
(target cells or target organs), others cause 
a more general response. The principal 
controller of hormone production is the 
hypothalamus” (part of the brain). It controls 
the secretions of many glands, mainly through 
its control of the pituitary gland”, which itself 
controls many other glands. The 
hypothalamus “tells” the pituitary to produce 
its hormones by sending regulating factors 
to its anterior lobe and nervous impulses to 
its posterior lobe. Hormone secretion is vital 
to homeostasis”. 


@Regulating factors. Special chemicals which 
control the production of a number of hormones, 
and hence many vital body functions. They are 
sent to the anterior lobe of the pituitary gland* 
by the hypothalamus* (part of the brain). There 
are two types — releasing factors, which make the 
gland secrete specific hormones, and inhibiting 
factors, which make it stop its secretion. For 
example, FSHRF (FSH releasing factor) and 
LHRF (LH releasing factor) cause the release of 
the hormones FSH and LH (see chart), and hence 
the onset of puberty*. Many regulating factors are 
vital to homeostasis“. 


e Antagonistic hormones. Hormones that produce 
opposite effects. Glucagon and insulin (see 
chart) are examples. When the blood glucose 
level drops too far, the pancreas produces 
glucagon to raise it again. A high glucose level 
causes the pancreas to produce insulin to lower 
the level (see also homeostasis, page 333). 


ACTH (adrenocorticotropic 
hormone) or adrenocorticotropin 


TSH (thyroid-stimulating 
hormone) or thyrotropin 


STH (somatotropic hormone) or 
somatotropin or HGH (human 
growth hormone) 


FSH (follicle-stimulating 
hormone) 





LH (luteinizing hormone). Also 
called luteotropin in women and 
ICSH (interstitial cell stimulating 
hormone) in men. 





) 
Lactogenic hormone or PR 
(prolactin) 


ADH (anti-diuretic hormone) or 
vasopressin 


| 


TCT (thyrocalcitonin) or 
calcitonin 


PTH (parathyroid hormone) or 
parathyrin or parathormone 


Adrenalin or adrenin or epinephrin 


Noradrenalin or 
norepinephrin 





f 


Aldosterone 


Cortisone Hydrocortisone or 
cortisol 


Oestrogen (female sex hormone) 
Progesterone (female sex 
hormone) 





Androgens (male sex hormones), 
esp. testosterone 


Gastrin j 


CCK (cholecystokinin) 





Secretin / PZ (pancreozymin) 


* Endocrine glands, 297; Homeostasis, 333; Hypothalamus, 303; Pituitary gland, 297; Puberty, 318. 


EFFECTS 
kot gland (p.297) (anterior Stimulates production of hormones in cortex of adrenal glands (p.297) 
co gland (p.297) (anterior Stimulates production of thyroxin by thyroid gland (p.297). 


Pituitary gland (p.297) (anterior 
lobe) 





WHERE PRODUCED 









Stimulates growth by increasing rate at which amino acids are built up 
to make proteins in cells. 


Pituitary gland (0.297) (anterior In women, works with LH to stimulate development of ova in ovarian 
lobe) bie acd follicles (p.317) and secretion of oestrogen by follicles in early stages 
of menstrual cycle (p.318). In men, causes formation of sperm (p.321). 


Stimulates ovulation (p.318), formation of corpus luteum (p.318) and 
its secretion of oestrogen and progesterone. Works with oestrogen 
and progesterone to stimulate thickening of lining of uterus (p.317). In 


Pituitary gland (p.297) (anterior 
lobe) “ 
man, causes production of androgens. | 


Pituitary gland (p.297) (anterior 
lobe) 


Hypothalamus (p. 303). Builds up in 
pituitary gland (posterior lobe) 


Works with LH to cause secretion of hormones by corpus luteum 
(p.318). Causes milk production after giving birth. 


Stimulates contraction of muscles of uterus (p.317) during labour and 
ejection of milk after giving birth. 


Hypothalamus (p. 303). Builds up in 


pituitary gland (posterior lobe) 


Increases amount of water re-absorbed into blood from uriniferous 
tubules (9.301) in kidneys. 


Increases rate of food breakdown, hence increasing energy and raising 
body temperature. Works with STH in the young to control rate of growth 


Thyroid gland (p.297) 





and development. Contains iodine. 


: Decreases level of calcium and phosphorus in blood by reducing their 
Thyroid gland (p.297) release from bones (where they are stored), 


: Increases level of calcium in blood by increasing its release from bone 
Parathyroid glands (p.297) (see above). Decreases phosphorus level. 















Stimulate liver to release more glucose into blood, to be broken down 
for energy. Stimulate increase in heart rate, faster breathing and blood 
vessel constriction. 


Adrenal glands (p.297) (medulla). 
Also at nerve endings. Secreted at 


times of excitement or danger. 
Increases amount of sodium and water in blood by causing 


RET EEE OAS) OOD re-absorption of more from uriniferous tubules (p.301) in kidneys. 
Stimulate increase in rate of food breakdown for energy, and thus 
Adrenal glands (p.297) (cortex) increase resistance to stress. Lessen inflammation. 


Oestrogen activates development of secondary sex characters at 
puberty (p.318), e.g. breast growth. Both prepare mammary (milk) 
glands for milk production and work with LH to cause thickening of 
lining of uterus (p.317). Progesterone dominates towards end of 
menstrual cycle (p.318) and during pregnancy, when it maintains 
uterus lining and mammary gland readiness. 


Activate development and maintenance of secondary sex characters 
at puberty (p.318), e.g. beard growth. 










Mostly in ovarian follicles (p.317) 
and corpus luteum (p.318) in 
ovaries (female sex organs, p.317). 
Also in placenta (p.319) during 
pregnancy. 





Mostly in interstitial cells in testes 
(male sex organs, p.316). 


Fo Stimulates production of gastric juice (p.108). 


Stimulates opening of sphincter of Oddi, contraction of gall bladder 
and release of bile (all p.297) into duodenum (p.295). 


( ) 
; ; Stimulate pancreas to produce pancreatic juice (p.336) and secrete 
Cells in small intestine it into duodenum (p.295) 


Cells in small intestine Stimulates production of intestinal juice (p.336) 
Pancreas, when blood glucose Stimulates liver to convert more glucose to glycogen for storage 
level too high. (p.329). Also speeds up transport of glucose to cells. 
Stimulates faster conversion of glycogen to glucose in liver (p.329), 
and conversion of fats and proteins to glucose. 
x 


Cells in small intestine 


Pancreas, when blood glucose 
level too low. 
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Digestive juices and enzymes 


All the digestive juices* of the human body (secreted into the intestines by digestive glands*) 
contain enzymes* which control the breakdown of food into simple soluble substances. These are 
called digestive enzymes and can be divided into three groups. Amylases (or diastases) promote 
the breakdown of carbohydrates” (the final result being monosaccharides — see terms used, right) 
Proteinases (or peptidases) promote the breakdown of proteins into amino acids” by attacking the 
peptide links (see proteins, page 328). Lipases promote the breakdown of fats into glycerol and 
fatty acids (see fats, page 328). The chart below lists the different digestive juices of the body, 
together with their enzymes and the action of these enzymes. 





Digestive juice: Saliva 


Produced by: Salivary glands* in mouth 






Digestive enzyme: Salivary amylase (or ptyalin) 






Actions: Starts breakdown of carbohydrates’ starch 
and glycogen (polysaccharides — see p.329) 









Products: Some dextrin (shorter polysaccharide). 
See note 1. 







Digestive juice: Gastric juice 






Produced by: Gastric glands* in stomch lining. 
Secreted into stomach (see gastrin, p.334). 









Digestive enzymes (and one other constituent): 
1. Pepsin (proteinase). See note 2. 

2. Rennin (proteinase). Found only in the young. 
3. Hydrochloric acid 

4. Gastric lipase. Found mainly in the young. 
















Actions: 

1. Starts breakdown of proteins* (polypeptides). 

2. Works (with calcium) to curdle milk, i.e. to act on its 
protein (casein). See note 3. 

3. Activates pepsin (see note 2), curdles milk in adults 
(see note 3) and kills bacteria. 

4. Starts breakdown of fat* molecules in milk. 








Products: 
1. Shorter polypeptides 
2,3. Curds, i.e. milk solids 
4. Intermediate compounds 





Digestive juice: Bile 









Produced by: Liver. Stored in gall bladder’, secreted 
into small intestine (see CCK, p.334). 





Constituents: Bile salts and bile acids 


Actions: Break up fats* (and intermediate compounds) 
into smaller particles, a process called emulsification. 


Notes 


1. Not much dextrin is produced at this stage, since 
food is not in the mouth long enough. Most 
carbohydrates pass through unchanged. 





2. Proteinases are first secreted in inactive forms, to 
prevent them digesting the digestive tube (made of 

protein’, like most of the body). Once in the tube 

(beyond a protective layer of mucous membrane’), 










3. The action of rennin and hydrochloric acid in 


Digestive juice: Pancreatic juice 


Produced by: Pancreas. Secreted into small intestine 
(see secretin / PZ, p.334). 


Digestive enzymes: 

1. Trypsin (proteinase). See note 2. 

2. Chymotrypsin (proteinase). See note 2. 

3. Carboxypeptidase (proteinase). See note 2. 
4. Pancreatic amylase (or amylopsin) 

5. Pancreatic lipase 


Actions: 

1, 2, 3. Continue breakdown of proteins* (long and 
shorter polypeptides). 

4. Continues breakdown of carbohydrates”. 

5. Breaks down fat* particles. 


Products: 

1,2,3. Dipeptides and some amino acids”. 
4. Maltose (disaccharide) 

5. Glycerol and fatty acids (see fats, p.328). 



















Digestive juice: Intestinal juice (or succus 
entericus) 







Produced by: Intestinal glands* in small intestine 
lining. Final secretion into small intestine (see 
enterocrinin, p.334). 














Digestive enzymes: 
1. Maltase (amylase) 
2. Sucrase (or invertase or saccharase) (amylase) 
3. Lactase (amylase) 

4. Enterokinase. See note 2. 






Actions: 
1. Breaks down maltose (disaccharide) 

2. Breaks down sucrose (disaccharide) 

3. Breaks down lactose (disaccharide) 

4. Completes breakdown of proteins* (dipeptides) 









Products: 

1. Glucose (or dextrose) (monosaccharide) 

2. Glucose and fructose (monosaccharides) 
3. Glucose and galactose (monosaccharides) 
4. Amino acids* 










these are converted into active forms. Hydrochloric 
acid changes pepsinogen (inactive) into pepsin, 
enterokinase changes trypsinogen into trypsin, 
and trypsin then changes chymotrypsinogen and 
procarboxypeptidase into chymotrypsin and 
carboxypeptidase. 










curdling milk is vital, since liquid milk would pass 
through the system too fast to be digested. 









* Amino acids, 328 (Proteins); Carbohydrates, 328; Digestive juices, 296 (Digestive glands); Enzymes, 331; Fats, 328; Gall 
bladder, 297; Gastric glands, Intestinal glands, 296 (Digestive glands); Mucous membrane, 295; Salivary glands, 296. 


Terms used 


Polysaccharides. The most complex carbohydrates*. 
Each is a chain of monosaccharide molecules. Most 
carbohydrates taken into the body are polysaccharides, 
e.g. starch (the main polysaccharide in edible plants) 
and glycogen (the main one in animal matter). For 
more about starch and glycogen, see page 329. 


Disaccharides. Compounds of 2 monosaccharide 
molecules, either forming intermediate stages in the 
breakdown of polysaccharides or (in the case of 
sucrose and lactose) taken into the body as such. 
(Sucrose is found in sugar beet and sugar cane, lactose 
occurs in milk.) 


Vitamins and their uses 


Vitamin A (retinol) 


Sources: Liver, kidneys, fish-liver oils, eggs, dairy 
products, margarine, pigment* (carotene) in green 
and yellow fruit and vegetables, esp. tomatoes, carrots 
(carotene converted to vitamin A in.intestines). 


Uses: Maintains general health of epithelial* cells 
(lining cells), aids growth, esp. bones and teeth. 
Essential for vision in dim light — involved in formation of 
light-sensitive pigment* (rhodopsin), found in rods of 
retina’. Aids in resistance against infection. 


Vitamin B complex 


Group of at least 10 vitamins, usually occurring 
together. Include: Thiamine (or aneurin) (B1), 
Riboflavin (B2), Niacin (or nicotinic acid or 
nicotinamide) (B3), Pantothenic acid (B5), 
Pyridoxine (B6), Cyanocobalamin (or cobalamin) 
(B12), Folic acid (Bc or M), Biotin (sometimes called 
vitamin H), Lecithin. 


Sources: All found in yeast, liver. All except B12 found 
in wholewheat cereals and bread, wheatgerm, green 
vegetables, e.g. beans (B12 not found in any vegetable 
products). B2 and B12 found especially in dairy 
products. Most also found in eggs, nuts, fish, lean meat, 
kidneys, potatoes. B6, folic acid and biotin also made by 
bacteria in intestines. 


Uses: Most needed for growth and maintenance of 
healthy tissues, e.g. muscles (B1, B6) nerves (B1, B3, 
B6, B12), skin (B2, B3, B5, B6, B12), hair (B2, B5) and 
a number aid continuous function of body organs (B5, 
B6, lecithin). Most (B1, B2, B3, B5, B6, B12) are 
essential co-enzymes*%, aiding in breakdown of foods 
for energy (internal respiration*). Many (esp. B2, B6, 
B12) also co-enzymes aiding build up of substances 
(proteins*) for growth, regulatory or defence purposes.e 
B12 and folic acid vital to formation of blood cells, BS 
and B6 to manufacture of nerve chemicals 
(neurotransmitters’). 


* Amino acids, 328 (Proteins); Carbohydrates, 328; Co-enzymes, 331 (Enzymes); DNA, 324 (Nucleic acids); Epithelium, 310 


(Epidermis); Internal respiration, 332; Neurotransmitters, 305 
334; Retina, 313; RNA, 324 (Nucleic acids). 


Monosaccharides. The simplest carbohydrates”. 
Almost all result from polysaccharide breakdown, 
though fructose is taken into the body as such (e.g. in 
fruit juices), as well as resulting from sucrose 
breakdown. Glucose is the final result of all action on 
carbohydrates (fructose and galactose are converted 
to glucose in the liver). 


Polypeptides. The complex form taken by all proteins | 


entering the body. Each is a chain of hundreds (or 
thousands) of amino acid* molecules (see proteins, 
page 328). ; 


Dipeptides. Chains of 2 amino acid* molecules, 
forming intermediate stages in the breakdown of 
polypeptides. 





Vitamin C (ascorbic acid) 


Sources: Green vegetables, potatoes, tomatoes, citrus 
fruit, e.g. oranges, grapefruit, lemons. 


Uses: Needed for growth and maintenance of healthy 
tissues, esp. skin, blood vessels, bones, gums, teeth. 
Essential co-enzyme* in many metabolic reactions, 
esp. protein* breakdown and build-up of amino acids* 
into new proteins (esp. collagen — see connective 
tissue, page 280). Aids in resistance against infection 
and healing of wounds. 


Vitamin D (calciferol) 


Sources: Liver, fish-liver oils, oily fish, dairy products, 
egg yolk, margarine, special substance (provitamin D3) 
in skin cells (converted to vitamin D when exposed to 
sunlight). 


Uses: Essential for absorption of calcium and 
phosphorus, and their deposition in bones and teeth. 
May work with PTH* (hormone). 


Vitamin E (tocopherol) 


Sources: Meat, egg yolk, leafy green vegetables, nuts, 
dairy products, margarine, cereals, wholemeal bread, 
wheatgerm, seeds, seed and vegetable oils. 


Uses: Not yet fully understood. Believed to be involved 
in formation of DNA*, RNA* and red blood cells, and 
promotion of fertility and food breakdown in muscle 
cells. 


Vitamin K (phylloquinone or menaquinone) 


Sources: Liver, fruit, nuts, cereals, tomatoes, green 
vegetables, esp. cabbage, cauliflower, spinach. Also 
made by bacteria in intestines. 


Uses: Essential to formation of prothrombin’ in liver 
(needed to cause clotting of blood). 





(Synapse); Pigments, 255; Prothrombin, 287 (Clotting); PTH, 
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The classification of living things 


Classification, or taxonomy, is the grouping together of living things according to characteristics 
which they share. The main, formal type of classification (classical taxonomy) bases its groups 
primarily on structural characteristics (but see also page 342). The resulting classification charts 
first list the largest groups (Kingdoms), and then go on to list the smaller and smaller divisions 
within these groups. 

The first groups after the Kingdoms are called Sub-kingdoms and the next are Phyla (sing. 
Phylum) in the case of animals and Divisions in the case of plants (though some plant classification 
charts have no Sub-kingdoms). After these come Classes, Orders, Families, Genera (sing. Genus) 
and finally Species — the smallest groupings. Some Divisions or Phyla, especially those with only a 
few members, may not have all these groups (e.g. the next group after a Phylum may be an Order, 
Family, Genus or even a Species) and there are also further “mid-way” groups in some cases, e.g. 
Sub-classes or Sub-phyla. The charts on the next four pages only Classify as far as Classes in most 
cases, with some Sub-classes and also the special Infraclasses of mammals (see page 341). 

It should be noted that there are areas which are still under dispute in both plant and animal 
Classification. The classification of plants in particular varies so much that one, two or even three 
groups are regarded by many taxonomists as completely separate Kingdoms, and not plants at all. 
The notes accompanying both the plant charts here and the animal chart on pages 340-341 cover 
some of the major differences. In addition, two of the most commonly-used plant classification charts 
are shown on these two pages, instead of just one, as given for the animal Kingdom. 


The Plant Kingdom (Kingdom Plantae) 





















Chart 1 


SUB-KINGDOM: Thallophyta. No roots, stems or 
eaves, no embryo* as such. 


DIVISION: Schizophyta or Schizomycophyta. 
Bacteria (sing. bacterium). Single-celled 
organisms found everywhere in large numbers. 
Some are pathogenic, that is, they cause disease, 
but others are useful, decomposing dead 
organisms for example. 


DIVISION: Pyrrophyta. Fire algae. Single-celled, no 
cell walls*. Have flagella’. 






DIVISION: Bacillariophyta. Diatoms. Single-celled, 
with silica “shells”. Water-living (salt or freshwater). 
May occur singly, though often colonial* (living 
together in a mass). 































DIVISION: Xanthophyta. Yellow-green algae. Mostly 
single-celled, with cell walls* and pigment’ called 
xanthophyll. Found in salt or freshwater, also 
damp places. 


DIVISION: Rhodophyta. Red algae (seaweeds). 
Many-celled with cell walls* and red and blue 
pigments*. Mainly found in salt water. E.g. Dulse. 
















DIVISION: Myxomycophyta or Myxomycota. Slime 
moulds. Very simple organisms with no cell walls* 
and no chlorophyll*. Live on decaying plants or 
animals. Reproduce with spores’. 

DIVISION: Phaeophyta. Brown algae (seaweeds). 
Many-celled, all with cell walls*. Includes all 
common seaweeds, brown to olive-green in colour. 
Each has special disc-like attachment called a 
holdfast, which fixes it to a surface. E.g. kelps. 


DIVISION: Eumycophyta or Eumycota. True fungi 
(sing. fungus). May be single-celled or made of 
intertwined threads called hyphae (sing. hypha) 
which form a mesh (mycelium) over dead material 
on which fungus feeds. Have cell walls* but no 
chlorophyll*. Useful in causing decay, also in 
some industrial processes (0.9. brewing). Some 
are important antibiotics, e.g. Penicillium. 
Reproduce with spores*. E.g. mushrooms. 






















DIVISION: Chlorophyta. Green algae (seaweeds). 
Largest group of algae — includes many 
single-celled and many-celled algae. All have cell 
walls*. Mostly freshwater, though some found in 
salt water and some in damp places, e.g. tree 
trunks and soil. Exist in enormous quantities 

(single-celled ones often colonial — see 

Bacilliarophyta). 









All the remaining Divisions in the Sub-kingdom are 
types of algae (sing. alga) — simple plants found in salt 
or freshwater or damp places. All possess chlorophy!!* 
(but see note 2) and the ae ones (seaweeds) each 
have a ribbon-like plant body called a thallus. 





















SUB-KINGDOM: Embryophyta. All have cell walls*, 
chlorophyll*, roots, stems and leaves. Also a 
distinct protective layer of cells around new 
developing plant (embryo*). 


DIVISION: Cyanophyta. Blue-green algae. Primitive 
single-celled or many-celled algae with cell walls’. 
Have bluish-green pigment’ called phycocyanin. 
Found even in hot springs and arctic water. 

DIVISION: Bryophyta. Have some kind of roots, stems 
and leaves but no vascular tissue*. Most have 
short stem-like structure called a seta, which bears 
tightly-packed leaves (in mosses) or flat leaf-like 
expansions (in liverworts). Have thread-like roots 
called rhizoids which cling to a surface instead of 
going into ground. Mainly land plants with wide 
distribution in damp areas. 3 Classes: 


DIVISION: Euglenophyta. Single-celled algae with no 
cell walls*. Have flagella*. Commonly found in 
freshwater. 



















DIVISION: Chrysophyta. Golden algae. Single-celled, 
with cell walls*. Have flagella*. Highly diverse 
group — salt or freshwater, also damp places. 







338 * Cell wall, 238; Chlorophyll, 255; Embryo, 321; Flagella, 268; Pigment, 255; Spores, 320 (Sporulation); Vascular tissue, 242. 








Classes: 
Hepaticae. Liverworts. 


Musci. Mosses. 
Anthocerotae. Hornworts. 


DIVISION: Tracheophyta. Have roots, stems and 
leaves and vascular tissue”. 


Sub-Division: Pteridophyta. No flowers or seeds. 4 
Classes: 


Classes: 
Psilotales. Primitive, loosely related to ferns. 


Lycopodiales. Clubmosses. Creeping 
evergreens“, related to ferns. Date back to 
prehistoric times. 


Equisetales. Horsetails. Related to ferns, but can 
live with less moisture and shade. Giant forms 
abundant in prehistoric times. 


Filicales. Ferns. Live in moist, shady areas. Have 
fronds — bipinnate* structures (stalks and leaves 
combined) which bear spores”*. 


Sub-Division: Spermatophyta. Have seeds. 2 
Classes: 


Chart 2 (for descriptions, see chart 1) 


Thallophytes is an informal term only. 
DIVISION: Schizophyta or Schizomycophyta. 
DIVISION: Myxomycophyta or Myxomycota. 
DIVISION: Eumycophyta or Eumycota. 
DIVISION: Cyanophyta. 

DIVISION: Euglenophyta. 

DIVISION: Chrysophyta. 

DIVISION: Pyrrophyta. 

DIVISION: Bacillariophyta. 

DIVISION: Xanthophyta. 

DIVISION: Rhodophyta. 

DIVISION: Phaeophyta. 

DIVISION: Chlorophyta. 

Embryophytes is an informal term only. 
DIVISION: Bryophyta. 


Classes: 
Hepaticae 
Musci 
Anthocerotae 


Notes 


1. The bacteria and blue-green algae (Divisions 
Schizophyta and Cyanophyta) do not have nuclei* 
and are thus not true plants or animals. For this reason, 
some classifications put them in a separate Kingdom 
(before plants and animals) called the Kingdom 
Monera or Prokaryota (prokaryotic means “without a 
nucleus”, the opposite is eukaryotic). 


2. Some of the single-celled algae (especially those of 
the Divisions Euglenophyta, Chrysophyta and 
Pyrrophyta) have both animal and plant 
characteristics (e.g. they can “eat” food as well as 


Class: 
Gymnospermae. Seeds not enclosed in a fruit, no 
flowers. 


Sub-classes: 
Cycadales. Cycads. Primitive, palm-like. 


Coniferales. Conifers, e.g. firs. Evergreens*, most 
with sharp pointed leaves (needles) and all with 
reproductive bodies called cones. Ovules* 
develop on external scales of female cones (no 
flowers), pollen* on scales of male cones. 


Ginkgoales. Only one living member — Gingko 
(maidenhair tree). 


Gnetales. Only 3 genera, e.g. Welwitschia (desert 
plant with large leathery leaves). 


Class: 
Angiospermae. Seeds enclosed in a fruit. Have 
flowers. 


Sub-classes: 
Dicotyledonae. Have 2 cotyledons’, e.g. 
buttercup, rose. 


Monocotyledonae. Have 1 cotyledon’, e.g. 
grasses, lily. 





Tracheophytes is an informal term only. 
Pteridophytes is an informal term only. 

DIVISION: Psilophyta. Was Class Psilotales. 
DIVISION: Lycophyta. Was Class Lycopodiales. 
DIVISION: Sphenophyta. Was Class Equisetales. 
DIVISION: Pterophyta. Was Class Filicales. 
Spermatophytes is an informal term only, 
Gymnosperms is an informal term only. 

DIVISION: Cycadophyta. Was Sub-class Cycadales. 


DIVISION: Coniferophyta. Was Sub-class 
Coniferales. 


DIVISION: Ginkgophyta. Was Sub-class Ginkgoales. 
DIVISION: Gnetophyta. Was Sub-class Gnetales. 
Angiosperms is an informal term only. 

DIVISION: Anthophyta. Was Glass Angiospermae. 


Class: 
Dicotyledonae. Was Sub-class Dicotyledonae. 


Class: 
Monocotyledonae. Was Sub-class 
Monocotyledonae. 





making it by photosynthesis*, some have flagella* 
and some have no cell walls*). For this reason, some 
Classifications put them in a separate Kingdom called 
the Kingdom Protista (after Monera (see note 1) and 
before plants and animals). The Kingdom may also 
be expanded to include the Protozoa (see page 340). 


3. The slime moulds and fungi (Divisions 
Myxomycophyta and Eumycophyta) have doubtful 


affinity with the plants (they lack chiorophyll*) but no 
closer links with animals. For this reason, some 
classifications put them in a separate Kingdom called 
the Kingdom Fungi (after Monera and Protista (see 
notes 1 and 2) and before planis and animals). 


* Bipinnate, 250; Cell wall, 238; Chlorophyll, 255; Cotyledon, 261; Evergreen, 236; Flagella, 268; Nucleus, 238; Ovules, 258; 
Photosynthesis, 254; Pollen, 258; Spores, 320 (Sporulation); Vascular tissue, 242. 














The Animal Kingdom (Kingdom Animalia) 


See introduction, page 338. As with the plant classification chart, this chart lists its members in order 
of complexity, beginning with the most primitive. The main characteristics which appear as animals 
become more complex are mentioned in this chart in the first instance they occur, but are assumed 
from then on. These are a true gut, a circulatory system, a nervous system, a true body cavity, some 
type of segmentation’, some type of skeleton and the existence of lungs (see also pages 264-265). 
All other characteristics mentioned refer specifically to the group being defined. 

In the classification of animals, there are a number of relatively primitive animals (especially 
particular kinds of worms) which belong together in small groups. These are normally only included 
in the most-comprehensive classification charts (as minor Phyla), and are not listed here. 




















Classes: Nematoda, Rotifera (or Rotatoria), 
Gastrotricha, Kinorhyncha (or Echinodera), 
Priapulida, Nematomorpha (or Gordiacea). 


PHYLUM: Annelida (annelids) or Annulata. Most 
advanced worms. Have tubular, segmented bodies 
with a body cavity, circulatory and nervous system. 
Have fine bristles (chaetae*) to grip soil or sand. 


Classes: Aclitellata (marine worms), Clitellata 
(freshwater worms, earthworms and leeches). 


PHYLUM: Mollusca (molluscs). Soft-bodied animals 
witn a limey shell, a head and a muscular “foot” for 


SUB-KINGDOM: Protozoa 


PHYLUM: Protozoa. The only Phylum, with the same 
name as the Sub-kingdom. Single-celled animals. 
Mostly aquatic, though many are parasitic*. E.g. 
Amoeba, Paramecium. 


Classes: Mastigophora (or Flagellata), Sarcodina, 
Ciliophora (or Ciliata), Sporozoa, Microspora. 




































SUB-KINGDOM: Parazoa 


PHYLUM: Porifera. The only Phylum. Sponges. 
Porous, non-mobile living mass, consisting of 





PHYLUM: Echinodermata (echinoderms). Marine 





animals, all with a limey skeleton just below the 
skin. Usually have a 5-rayed arrangement and a 
spiny skin. 


Classes: Asteroidea (starfish), Ophiuroidea (brittle 


stars), Echinoidea (sea urchins), Holothuroidea 
(sea cucumbers), Crinoidea (sea lilies). 


PHYLUM: Chordata (chordates). At some time in their 


life, all have a notochord — a stiff “rod” of cells 
running lengthwise between the spinal cord and the 
gut. 


Sub-Phyla: 2 minor ones — Urochordata (or Tunicata) 
(sea squirts), Cephalochordata (or Acrania) 


(lancets). 1 more important: 


Craniata (craniates) or Vertebrata (vertebrates). 
Notochord (see Chordata) replaced by spine (see 
note 7). Have well-developed brain. 


Classes: 2 minor ones, both Classes of jawless fish — 


Myxini (hagfish), Cephalaspidomorphi 
(lampreys). 6 more important: 
Elasmobranchiomorphi (elasmobranchs) or 
Chondrichthyes. Fishes with a skeleton made of 
cartilage*. Have fins and breathe with gills*. E.g. 
sharks, rays. 


Osteichthyes. Fishes with a skeleton made of 
bone. Have fins and scales, and breathe with gills’. 





Amphibia (amphibians) or Batrachia 
(batrachians). Animals which oan live on land but 
must be near water. Most have lungs and lay eque 
in water. E.g. frogs, newts, toads 


Reptilia (reptiles). Animals with dry, scaly akin 
Live on land, and lay shelled eqga on land. |g 
snakes, lizards, crocodiles, turtles 


Aves. Birds. All have feathers and lay shelled eggs 
E.g. penguins, robins, ostriches, hawks 


Mammalia (mammals). All females produce milk 
Nearly all have hair or fur. Has 2 Sub-classes 


Sub-classes: Prototheria. Lay shelled eqgs. Has just 


1 Order — Monotremata (monotremes) ~ spiny 
anteaters and duck-billed platypuses. 


Theria. Do not lay eggs. Has 2 special 
Infraclasses before the Orders: 


Infraclasses: Metatheria, Marsupalia (marsupials) 


or Didelphia. Young develop in the uterus’ for only 
a short time, completing their development 
attached to the openings of the mother’s milk 
glands and normally held within a pouch of skin 
called a marsupium. E.g. kangaroos, opossums. 


Eutheria or Placentalia (placental mammals). 
Young develop in the uterus* until birth, attached 
by a highly-developed placenta’. E.g. cows, mice, 
whales, humans. 





creeping or digging. Mostly aquatic. 


Classes: 3 minor ones — Scaphopoda, 
Monoplacophora, Amphineura. 3 more important: 


Gastropoda (gastropods). Univalves, i.e. with a 
shell made of one piece only. E.g. snails, limpets. 


Lamellibranchiata (lamellibranchs) or Bivalvia 
(bivalves) or Pelecypoda. Have a shell in two 
parts hinged together. E.g. oysters, clams, mussels. 


Cephalopoda (cephalopods) or Siphonopoda. 
Molluscs with tentacles* and well-developed eyes. 
E.g. octopuses, squid, cuttlefish. 


E.g. sturgeon, cod, herring. 
































millions of single-celled organisms (see colonial, 
page 342). 

Classes: Calcarea, Demospongiae, 
Sclerospongiae, Hexactinellida (or Triaxonida 
or Hyalospongiae). 





Notes 


1. In some charts, the Class Sarcodina of the Phylum 
Protozoa has 2 Sub-classes — Rhizopoda and 
Actinopoda. In others, these two are omitted as 
Sub-classes, and their members grouped together 
under the Class Sarcodina. In this case, the Class has 
the alternative name of Rhizopoda. 









































the members of this show certain features 
characteristic of the Chordata (the name implies a 
“half-way” stage) 
























SUB-KINGDOM: Metazoa. All the rest of the Animal 
ingaom, I.e. all the many-celled (multicellular) 
animals. 


















7. The term craniate means “with a skull” — this is true 
of all members of the Sub-phylum Craniata, The 
alternative Sub-phylum name of vertebrates means 
“animals with backbones”. This is not strictly true, since 
the most primitive Class — Myxini (hagfish) — do not 











PHYLUM: Coelenterata (coelenterates) or Cnidaria. 
Aquatic animals with tentacles’. Only one body 
opening (for substances in and out). Move by 
muscular action. E.g. sea anemones, jellyfish, 


2. Some charts show another Sub-kingdom, called 


PHYLUM: Arthropoda (arthropods). Animals with 
Mesozoa, between the Parazoa and the Metazoa. It 


many jointed limbs and a hard outer skeleton. 




















Hydra. Sub-Phylum: i i f has only one Phylum, also called Mesozoa, and is have backbones. 
Cl 4 onan ar Fineness See eaten made up of obscure parasites”. Its rank as a 
asses: Hyd . characteéristics include pi -li ; . 
Actinozoa). EO Ne (chelicerae, sing. chalicers). pope raves Sub-kingdom, or even as a Phylum, is in much doubt. 8. The invertebrates are all the animals without 
Many people regard its members as peculiar forms of backbones, i.e. everything on the chart up to the 


Sub-phylum Craniata — the vertebrates. (But see 


Classes: 2 minor ones — Merostomata (king crabs), 
above, note 7.) 


Pycnogonida (sea spiders). 1 more important: 


Arachnida (arachnids). Animals with 8 legs. E.g. 
spiders, mites, scorpions. 


PHYLUM: Ctenophora. Marine, jelly-like animals, very flatworms (Phylum Platyhelminthes). 


similar to coelenterates but moving by means of 
tiny “hairs” (cilia*). 


Classes: Tentaculata, Nuda. 






















3. The Classes Monogenoidea and Digenoidea of 
the Phylum Platyhelminthes are grouped together in 
some charts as the Class Trematoda (trematodes). 





















9. The two Classes Myxini (hagfish) and 
Cephalaspidomorphi (lampreys), the only jawless 
members of the Sub-phylum Craniata, are sometimes 
known collectively as the Agnatha and the remaining, 
jawed, Classes are called the Gnathostomata. 
However, these terms are only informal ones. 







Sub-Phylum: Crustacea (crustaceans). 1 Class with 
~~ Samé name: 


Class: Crustacea (Crustaceans). Mostly aquatic 
animals, with gills* on their legs and 2 pairs of 
antennae. E.g. crabs, woodlice, lobsters. 


Sub-Phylum: Uniramia. 1 pair of antennae*, mostly 
Tand-living. 


Classes: 3 minor ones — Onychophora (velvet 
worms), Symphyla (tiny, centipede-like), 
Pauropoda (tiny, millipede-like). 3 more important: 


Chilopoda. Centipedes. Each body segment has 1 
pair of legs. Carnivorous*. 


Diplopoda. Millipedes. Each body segment has 2 
pairs of legs. Herbivorous*. 


Insecta (insects) or Hexapoda. Animals with 6 
legs and usually 2 pairs of wings. E.g. beetles, 
moths, ants. 












4. The Class Onychophora of the Phylum 
Arthropoda is made a separate Phylum in some 
charts, since its members (velvet worms) show 
characteristics of both the Arthropoda and the 
Annelida. 


PHYLUM: Platyhelminthes. Flatworms. Have a mouth 
and a primitive excretory system. E.g. parasitic’ 
flukes and tapeworms. 


Classes: Turbellaria, Cestoidea (or Cestoda or 
Eucestoda), Cestodaria, Monogenoidea (or 
Monogenea), Digenoidea (or Digenea), 
Aspidogastrea (or Aspidobothrea or 
Aspidocotylea). 


PHYLUM: Nemertea or Rhynchocoela. Ribbon 
worms. Marine worms with a true gut (i.e. running 
from mouth to anus‘), a primitive circulatory system 
poh: a sucking organ (proboscis) with’a hooked 
end. 


Classes: Anopla, Enopla. 


10. The Classes Myxini (hagfish), 
Cephalaspidomorphi (lampreys), 
Elasmobranchiomorphi (cartilaginous fish) and 
Osteichthyes (bony fish) of the Sub-phylum Craniata 
are sometimes known collectively as Pisces (fish), 
though this term is only an informal one. 




































5. In some charts, the Phylum Arthropoda does not 
have any Sub-phyla, merely the same 10 Classes. In 
others still, there are no Sub-phyla and only 7 Classes. 
The Classes Pauropoda, Symphyla, Chilopoda and 
Diplopoda are grouped together in one Class called 
Myriapoda (“many feet”). In most cases, however, the 
term myriapods is only an informal one. 




















11. The Classes of the Sub-phylum Craniata are 
sometimes put into two informal groups — the Amniota 
(amniotes — Reptilia, Aves, Mammalia) and 
Anamniota (all the other Classes). The amniotes are 
those whose embryos* (developing young) have an 
amnion, chorion and allantois (see pages 276 

and 319). 








6. The Sub-phyla Urochordata and 
Cephalochordata of the Phylum Chordata are 
sometimes known collectively as the Protochordata 
(protochordates), though this term is purely an 
informal one. It is also sometimes extended to include 
the minor Phylum Hemichordata (acorn worms), since 





PHYLUM: Aschelminthes. Worm-like aquatic 
animals. Mostly parasitic*. E.g. roundworms, 
hookworms, threadworms. 
















“ Cartilage, 281; Embryo, 321; Gills, 273: Parasites, 342; Placenta, 319; Uterus, 317. 


* Antennae, 274; Anus, 295 (Large intestine); Carnivores, 234; Chaetae, 268 (Parapodia): Cilia, 268; Gills, 273; Herbivores, 234: 
Parasites, 342; Segmentation, 264; Tentacles, 275. P ' 
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Informal group terms 


Listed here are the main terms used to group living things together according to their general life 
styles (i.e. their ecological similarities — see also page 237). These are informal terms, as opposed 
to the formal terms of the classification charts (pages 338-341), which are based on structural 
similarities. 














Piants 


e Xerophytes. Plants which can survive long periods of 
time without water, e.g. cacti. 





e Symbionts or symbiotes. A pair of living things which 
associate closely with each other and derive mutual 
benefit from such close existence (symbiosis). 
Lichens, normally found on bare rock, are an example. 
Each is in fact two plants (a fungus and an alga). The 
alga produces food (by photosynthesis”) for the 
fungus (which otherwise could not live on bare rock). 
The fungus uses its fine threads to hold the moisture the 

alga needs. 










e Hydrophytes. Plants which grow in water or very wet 
soil, e.g. reeds. 






e Mesophytes. Plants which grow under average 
conditions of moisture. 
















e Halophytes. Plants which can withstand very salty 
conditions, e.g. sea pinks. 












e Commensals. A pair of living things which associate 
closely with each other, may derive some benefit from 
such close existence (commensalism), e.g. shared 
food, but are not strictly symbionts. One type of worm, 

for instance, is very often found in the same shell as a 

hermit crab. One of the commonest examples of 

commensalism is the existence of house mice 
wherever there are humans. 





¢ Lithophytes. Plants which grow on rock, e.g some 
mosses. 















e Epiphytes. Plants which grow on other plants, butonly 
to use them for support, not to feed off them, e.g. some 
mosses. 



















e Saprophytes. Plants which live on decaying plants or 
animals, feed off them, but are not the agents of their 
decay, e.g. some fungi. 


e Social or colonial. Living together in groups. The two 
terms are synonymous in the case of plants, and refer 
to those which grow in clusters. In the case of animals, 
there is a difference of numbers between the terms. 
Lions, for example, are social, but their groups (prides) 
are not large enough to be called colonies. With true 
colonial animals, there is also a great difference in the 
level of interdependence between colony members. In 
agannet colony, for example, this is relatively low (they 
only live close together because there is safety in 
numbers). In an ant colony, by contrast, different 
groups (castes) have very different jobs, e.g. gathering 
food or guarding the colony, so each member relies 

heavily on others. The highest level of colonial 

interdependence is shown by the tiny, physically 
inseparable, single-celled organisms which, form one 
living mass, e.g. a sponge. 

















































Animals 


e Predators. Animals which kill and eat other animals 
(their prey), e.g. lions. Bird predators, e.g. hawks, are 
called raptors. 


e Detritus feeders. Animals which feed on debris from 
decayed plant or animal matter, e.g. worms. 










¢ Scavengers. Large detritus feeders, e.g. hyenas, 
which feed only on dead flesh (animal matter). 


Territorial. Holding and defending a territory (an area 
of land or water) either singly or in groups, e.g. many 
fish, birds and mammals. This is usually linked with 
attracting a mate and breeding. 


¢ Sessile. In the case of animals, this term refers to those 
which are not free to move around, i.e. they are 
permanently fixed to the ground or other solid object, 
e.g. sea anemones. With plants, it describes those 
without stalks, e.g. algae. 







¢ Abyssal. Living at great depths in a lake or the sea, e.g. 
oarfish and gulper eels. 



















¢ Pelagic. Living in the main body of a lake or the sea, as 
opposed to at the bottom or at great depths. Pelagic 
creatures range from tiny plankton through 
medium-sized fishes and sharks to very large whales. 
The medium-sized and large ones are all animals, and 
are called nekton. 


¢ Demersal. Living at the bottom of a lake or the sea, e.g. 
angler fish and prawns. 








e Sedentary. In the case of birds, this term describes 
those which do not migrate’; with other animals, it is 
synonymous with sessile. 





e Plankton. Microscopic aquatic animals and plants, 
vast numbers of which drift in lakes and seas, normally 
near the surface (plant plankton is phytoplankton, and 
animal plankton is zooplankton). Plankton is the food 
of many fishes and whales and is thus vital to the 
ecological balance (food chains”) of the sea. 


e Nocturnal. Active at night and sleeping during the day, 
e.g. owls and bats. 




















Plants and animals 


e Insectivores. Specialized organisms which eat only 
insects, e.g. pitcher plants (which trap and digest 
insects) and hedgehogs. 


* Littoral. Living at the bottom of a lake or the sea near 
the shore, e.g. crabs and seaweed. 













* Benthos. All abyssal, demersal and littoral plants 
and animals, i.e. all those which live in, on or near the 
bottom of lakes or seas. 


¢ Parasites. Plants or animals which live in or on other 
living plants or animals (the hosts), and feed off them, 
e.g. mistletoe and fleas. Not all are harmful to the host. 






* Food chains, 234 (Food web); Migration, 237; Photosynthesis, 254. 
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Glossary 


e Abrasive. A material which wears away the surface 
of another material. 


e Adhesive. A substance which sticks to one or more 
other substances (see adhesion, page 23). 


@ Alloy. A mixture of two or more metals, or a metal 
and a non-metal. It has its own properties (which are 
metallic), independent of those of its constituents. 
For example, brass* is an alloy of copper and zinc, 
and steel* is an alloy of iron and carbon (different 
mixes give the steel different properties). 


e Amalgam. An alloy of mercury with other metals. It 
is usually soft and may even be liquid. 


e Antacid. A substance which counteracts excess 
stomach acidity by neutralizing* the acid. 
Examples are aluminium hydroxide and magnesium 
hydroxide. 


e Bleach. A substance used to remove colour from a 
material or solution. Most strong oxidizing* and 
reducing agents’ are good bleaches. The most 
common household bleach is a solution of sodium 
hypochlorite (also a highly effective germicide). 





Coloured Decolourized 

NaQcl + material —> NaCl + oxidized’ 
Sodium Sodium material 
chloride 


® Calibration. The “setting up” of a measuring 
instrument so that it gives the correct reading. The 
instrument is normally adjusted during manufacture 
so that it reads the correct value when it is 
measuring a known standard quantity, e.g. a 
balance would be adjusted to read exactly 1 kg 
when a standard 1 kg mass was on it. 


e Calorimetry. The measurement of heat change 
during a chemical reaction or event involving heat 
transfer. For example, measuring the temperature 
rise of aknown mass of a substance when it is 
heated electrically is used to find specific heat 
capacity* and the temperature rise of a mass of 
water can be used to calculate the energy produced 
by a fuel when it is burnt (see bomb calorimeter 
diagram, page 146). 


e Coefficient. A constant for a substance, used to 
calculate quantities related to the substance by 
multiplying it by other quantities. For example, the 
force pushing two materials together multiplied by 
the coefficient of friction for the surfaces gives 
the frictional force”. 


© Constant. A numerical quantity that does not vary. 
For example, in the equation E = mc* (see also page 
84), the quantity c (the speed of light in a vacuum) Is 
a constant. E and m are variables because they can 
change. 

© Coolant. A fluid used for cooling in industry or in the 
home (see also refrigerant). The fluid usually 
extracts heat from one source and transfers it to 
another. In a nuclear power station", the coolant 
transfers the heat from the nuclear reaction to the 
steam generator, where the heat is used to produce 
steam. This turns turbines and generates electricity. 










@ Cosine (of an angle). the ratio of the length of the 
side adjacent to the angle to the length of the 
hypotenuse (the longest side) in a right-angled 
triangle. It depends on the angle. 


@ Dehydrating agent. A substance used to absorb 
moisture from another substance, removing water 
molecules if present, but also, importantly, 
hydrogen and oxygen atoms from the molecules of 
the substance. This leaves a different substance 
plus water (see also drying agent). Concentrated 
sulphuric acid is an example: 









Concentrated 
sulphuric acid 


CgHi20,(s)  _— 


Glucose 


6C(s) 





Concentrated sulphuric acid can also be used as a 
drying agent if it does not react with the substance 
added to it. For example, it is used to dry samples of 
chlorine gas, i.e. remove surrounding molecules of 
water vapour (see page 216). 


@ Drying agent. A substance used to absorb moisture 
from another substance, but which only removes 
water molecules from in and around the substance, 
not separate hydrogen and oxygen atoms from its 
molecules. The substance itself is not changed (see 
also desiccation, page 221 and dehydrating 


agent). Phosphorus pentoxide (P205) is an'example: 









Phosphorus 


Anhydrous* Water 
copper(II) sulphate 


Hydrated* copper(II) 
sulphate 











® Ductile. Describes a substance which can be 
stretched. It is normally used of metals which can be 
drawn out into thin wire, e.g. copper. Different 
substances show varying degrees of ductility (see 
page 165). See also yield point, page 23. 


e Fumigation. The killing of pests such as insects by 
poisonous gas, e.g. sulphur dioxide, or smoke. 


e Fungicide. A substance used to destroy harmful 
fungi, e.g. moulds and mildews growing on crops. 


e Germicide. A substance used to destroy bacteria, 
especially those carrying disease (germs). 


e Graduations. Equally-spaced marks used for 
measurement, e.g. those on a measuring cylinder*. 


@ Inert. Describes an unreactive substance, i.e. one 
which does not easily take part in chemical 
reactions. Examples are the noble (or inert) gases’. 


e Inversely proportional. When applied to two 
quantities, this means that one is directly related to 
the reciprocal of the other. 


e Latex. A milky fluid produced by plants, particularly 
that produced by the rubber tree, from which raw 
natural rubber is extracted (and which also forms 
the basis of some adhesives). Also certain similar 
synthetic polymers”. 


* Anhydrous, 155 (Anhydrate); Brass, 112, 175 (Zinc); Coefficient of friction, Frictional force, 7; Hydrated, 155 (Hydrate); _ 
Measuring cylinder, 224; Neutralization, 151; Noble gases, 189; Oxidation, Oxidizing agent, Reducing agent, 148; Specific 


heat capacity, 30; Steel, 174; Synthetic polymers, 200. 


6H,0(1) 


Carbon Water 





CuSO,.5H,O(s) ““S"° CuSO,(s) + 5H,0() 





. 
— ee = MS ee ee 


——— + ae 


_ ee — 





e@ Malleable. Describes a substance which can be 
moulded into different shapes. It is normally used of 
substances which can be hammered out into thin 
sheets, in particular many metals and alloys of 
metals. Different substances show varying degrees 
of malleability (see page 165). 


@ Mean. A synonym for average, i.e. the sum of a 
series of values divided by the number of values in 
the series. 


® Medium (pl. media). Any substance through which 
a physical effect is transmitted, e.g. glass is a 
medium when light travels through it. 


@ Meniscus. The concave or convex surface of a 
liquid, e.g. water or mercury. It is caused by the 
relative attraction of the molecules to each other and 
to those of the container (See also adhesion and - 
cohesion, page 23 and parallax error, page 102). 


@ Ore. A naturally-occurring mineral from which an 
element (usually a metal) is extracted, e.g. bauxite, 
which yields aluminium. 


@ Organic solvent. An organic liquid in which 
substances will dissolve. 


@ Photocell or photoelectric cell. A device used for 
the detection and measurement of light. 


@ Proportional. When applied to two quantities, this 
means that they are directly related, i.e. if X is 
proportional to Y, then X will change by a fixed 
amount for each fixed change in Y. 


e@ Rate. The amount by which one quantity changes 
with respect to another, e.g. acceleration* is the 
rate of change of distance with time. Note that the 
second quantity is not necessarily time in all cases. 
If a graph of Y against X is plotted, the rate of 
change of Y with respect to X at a point is the 
gradient at that point. 


e Raw material. A material obtained from natural 
sources for use in industry, e.g. iron ore, coke and 
limestone are the raw materials used to produce 
iron (See picture, page 174). 


e Reciprocal. The value obtained from a number when 
one is divided by it, i.e. the reciprocal of any number 
x is %&. For example, the reciprocal of 10 is 0.1. 


e Refrigerant. A type of coolant used in refrigerators. 
It must be a liquid which evaporates” at low 
temperatures. The substances commonly used 
nowadays are the chlorofluorocarbons, or freons, 
although ammonia was widely used in the past. 





e Resins. Substances used as adhesives. They are 
often insoluble in water. Natural resins are organic 
compounds secreted by certain plants and insects. 
Synthetic resins are plastic materials produced by 
polymerization’. 


@ Sine (of an angle). The ratio of the length of the side 
opposite to the angle to the length of the 
hypotenuse (the longest side) in a right-angled 
triangle. It depends on the angle. 


® Spectrum (pl. spectra). A particular distribution of 
wavelengths and frequencies, e.g. the wavelengths 
in the visible light spectrum’ range from 4 x 107’ to 
TSX Mh. 


e Superheated steam. Steam above a temperature 
of 100°C. It is obtained by heating water under 
pressure. 


e System. A set of connected parts which have an 
effect on each other and form a whole unit, e.g. a 
digestive system* or the substances involved ina 
reaction at chemical equilibrium”. 


® Tangent (of an angle). The ratio of the length of the 
side opposite to the angle to the length of the side 
adjacent to it in a right-angled triangle. It depends 
on the angle. 


@ Tarnish. To lose or partially lose shine due to the 
formation of a dull surface layer, e.g. silver sulphide 
on silver or lithium oxide on lithium. Tarnishing is a 
type of corrosion’. 


®@ Variable. A numerical quantity which can take any 
value. For example, in the equation E = mc? (see 
also page 84), E and m are variables since they can 
take any value (although the value of E depends on 
the value of m). The quantity c (the speed of light ina 
vacuum) is a constant. 


@ Volatile. Describes a liquid that evaporates* easily, 
a petrol, or a solid that sublimes* easily, e.g. 
iodine. 


@ Volume. A measurement of the space occupied by 
a body. See page 101 for calculations of volume. 
The SI unit* of volume is the cubic metre (m°). 


@ Vulcanization. The process of heating raw natural 
rubber (extracted from latex) with sulphur. 
Vulcanized rubber is harder, tougher and less 
temperature-sensitive than raw rubber (the more 
sulphur used, the greater the difference). This is 
because the sulphur atoms form cross-links 
between the chains of rubber molecules (see 
picture, page 201). 


* Acceleration, 11; Chemical equilibrium, 163; Corrosion, 209; Digestive system, 294; Evaporation, 121; Polymerization, 200; 


SI units, 96; Sublimation, 121; Visible light spectrum, 55. 











index 


The page numbers listed in the index are of three different types. Those printed in bold type (e.g. 
261) indicate in each case where the main definition(s) of a word (or words) can be found. Those in 
lighter type (e.g. 195) refer to supplementary entries. Page numbers printed in italics (e.g. 78) 
indicate pages where a word (or words) can be found as a small print label to a picture. 

If a page number is followed by a word in brackets, it means that the indexed word can be found 
inside the text of the definition indicated. If it is followed by (I), the indexed word can be found in the 
introductory text on the page given. 

Bracketed singulars, plurals, symbols and formulae are given where relevant after indexed 
words. Synonyms are indicated by the word “see”, or by an oblique stroke (/) if the synonyms fall 


together alphabetically. 


a-decay, see Alpha decay 
a-particles, see Alpha particles 
a-rays, see Alpha rays 
a-sulphur, see Alpha sulphur 
B-decay, see Beta decay 
B-particles, see Beta particles 
B-rays, see Beta rays 
8-sulphur, see Beta sulphur 
y-radiography, see 

Gamma radiography 
y-rays, see Gammarays 


1,2-dibromoethane 
(CH,BrCH,Br), 
188 (Bromine), 193 
1,6-diaminohexane 
(NH,(CH.).NH2), 200 
1-bromo,1-chloro,2,2,2- 
trifluoroethane, see 
Halothane 
1-chloro,2-bromopentane, 275 (9) 
2-methyl propan-2-ol, 197 
3-dimensional structural 
formula, see 
Stereochemical formula 
3-iodohexane, 275 (9) 
3-methyl pentane, 190, 275 (8) 


A 


Abdomen, 264 (Segmentation), 
294 (Alimentary canal), 
298 (Diaphragm) 
Aberration, 
Chromatic, 55 
Spherical, 49 
Abomasum, 271 (Rumen) 
A-bomb, see Atom bomb 
Abrasive, 344 


346 Abscisic acid, 249 


Abscission layer, 249 
Absolute cubic expansivity, see 

Real cubic expansivity 
Absolute refractive index, 

37 (Refractive index), 50 
Absolute temperature scale, 

27, 143 
Absolute zero, 27 (Absolute 

temperature scale), 

143 (Absolute temperature 

scale) 

Abyssal, 342 
Acceleration, 11, 97 

Angular, 17 

Centripetal, 17 

Linear, 14 (I) 

Uniform, 11 (Acceleration) 
Acceleration due to gravity (g), 

18, 113 
Accelerators, Particle, 

86 (Radioisotope) 
Accessory foods, 204 (I), 328 (I) 
Accommodation, 312 (Lens) 
Accumulator, see Secondary cell 

Lead-acid, 69, 150, 159 
Acellular, 238 (I) 
Acetic acid, see Ethanoic acid 
Acetone, see Propanone 
Acetylene, see Ethyne 
Acetylenes, see Alkynes 
Achene, 262 
Achromatic lens, 54 

(Spectrometer), 

55 (Chromatic aberration) 
Acid(s), 150-152 

Abscisic, 249 (Abscission 
layer) 

Acetic, see Ethanoic acid 

Amino, 205, 239 (Ribosomes), 
328 (Proteins), 329, 336, 337 

Ascorbic (CgHgO.4), 150, 205, 
337 (Vitamin C) 

Bile, 336 (Bile) 

Carboxylic, 195, 202 (Soap), 

205 (Lipids), 275 (7) 

Carbonic (H2CO,), 179 (Carbon 
dioxide), 210 (Acid rain) 

Deoxyribonucleic, see DNA 

Dicarboxylic, 195 

Ethanedioic (COOH),), 195 

Ethanoic (CH,COOH), 757, 195, 
197, 215 (7) 


Acids(s) (cont’d) 
Fatty, 328 (Fats), 336 (I, 

Pancreatic juice) 

Folic, 337 (Vitamin B complex) 
Formic, see Methanoic acid 
Fuming sulphuric (H2S.0,), 

185 (Contact process) 
Hexanedioic 

(COOH(CH,),COOH), 200 
Hydrochloric (HCl), 143, 154, 

170, 171, 182, 187 (Hydrogen 

chloride), 216 (Carbon 

dioxide, Chlorine), 

217 (Hydrogen), 218 (Anions), 

222 (Flame test), 336 (Gastric 

juice) 
Hydroiodic, 188 
Lactic, 332 (Oxygen debt) 
Methanoic (HCOOH), 750, 195, 

215 (7) 

Nicotinic, see Niacin 
Nitric/Nitric(V) (HNO3), 178, 

181 (Nitrogen dioxide), 182, 

210 (Acid rain), 218 (Anions) 
Nitrous (HNO,), 181 (Nitrogen 

dioxide) 

Nucleic, 324 
Octadecanoic (C;7H3;;COOH), 

202 (Soap), 205 
Organic, 150 
Oxalic, see Ethanedioic acid 
Pantothenic, 337 (Vitamin B 

complex) 
Phosphoric (H3PO,), 

182 (Phosphorus pentoxide) 
Propanoic (C,H,;COOH), 196 
Pyruvic, 332 (Anaerobic 

respiration) 

Ribonucleic, see RNA 

Stearic, see Octadecanoic acid 
Strong, 152 

Sulphuric (H2SO,), 150, 154, 

155, 185, 210 (Acid rain), 216, 

217, 218 (Nitrate anion), 

219 (Calcium cation), 

344 (Dehydrating agent) 
Sulphuric(IV), see 

Sulphurous acid 
Sulphuric(VI), see 

Sulphuric acid 
Sulphurous, 757, 185 
Weak, 152 


Acidic, 150 
Acid radical, 153 
Acid rain, 206, 210 
Acid salt, 153 
Acoustics, 40 (I) 
Acoustic waves, see 
Sound waves 
Acrylic, 194, 201 
ACTH, 334 
Actin, 205, 282 (Striated muscle) 
Actinium (Ac), 164, 212 
Actinomorphy, 264 (Radial 
symmetry) 
Actinopoda, 341 (Note 1) 
Actinozoa, see Anthozoa 
Action, Capillary, 23, 252 
Action (force), 13 (Newton’s 
third law) 
Action, Local, 68 
Action, Point, 57 
Actions (human body), 308-309 
Autonomic, 309 (Involuntary 
actions) 
Involuntary, 309 
Reflex, 309 
Voluntary, 308 
Activated charcoal, 179 
Activation energy, 160 
Active electrode, 
66 (Electrode), 156 
Active transport, 327 
Activity series, see 
Reactivity series 
Adaptation(s), 
Evolutionary, see 
Adaptive radiation 
Protective, 237 (Adaptive 
radiation) 
Adaptive radiation, 237 
Addition polymerization, 200 
Addition reaction, 193 
Additive mixing, 55 (Colour 
mixing) 
Adenine, 324 
Adenohypophysis, see 
Anterior lobe 
Adenoids, see Pharyngeal tonsil 
Adenosine, 333 (ADP) 
Adenosine diphosphate, see ADP 
Adenosine triphosphate, 
see ATP 
ADH, 334 
Adhesion, 23 
Adhesive, 344 
Adipose tissue, 
310 (Subcutaneous layer) 
ADP, 333 
Adrenal glands, 297, 335 
Adrenalin/Adrenin, 334 
Adrenocorticotropic hormone/ 
Adrenocorticotropin, 
see ACTH 
Advanced gas-cooled reactor 
(AGR), 95 
Advantage, Mechanical 
(M.A.), 20 
Adventitious roots, 245 
Aerial parts (plants), 244 
Aerial roots, 245 


Aerobic respiration, 332 
Aerometer, see Hydrometer 
Aestivation, 237 (Dormancy) 
Afferent, 306 

Afferent arteriole, 

301 (Glomerulus) 
Afferent neurons, see 

Sensory neurons 
Afferent system, 306-307 

Somatic, 307 
Visceral, 307 
Agent, 
Anti-knock, 199 (Octane rating) 
Dehydrating, 344 
Depolarizing, 68 (Polarization) 
Drying, 221 (Desiccation), 344 
Oxidizing, 148 
Reducing, 148 
Agglutinins, 287 (Antibodies) 
Agnatha, 341 (Note 9) 
Agonist, 282 (Antagonistic pairs) 
AGR, see Advanced gas- 

cooled reactor 

Air, 183, 208 (I), 211 
Downward displacement of, 

217 (Hydrogen) 

Fractional distillation of (liquid 
air), 180 (Nitrogen), 

183 (Oxygen), 189 (I), 208 (1) 

Upward displacement of, 

216 (Chlorine), 217 (Oxygen) 
Air bladder, see Swim bladder 
Albumen, 276 
Alcohol(s), 196-197, 

196 (Ethanol), 274 (4) 

Ethyl, see Ethanol 
Polyhydric, 197 
Primary, 196, 197 
Secondary, 196, 197 
Tertiary, 197 
Alcoholic fermentation, 197 
Aldehydes, 194, 275 (5) 
Aldosterone, 334 
Algae (sing. alga), 338 
Blue-green, 235, 

338 (Cyanophyta) 
Alimentary canal/tract, 294 
Aliphatic compounds, 190 
Alkali, 151 
Alkali metals, 165, 168-169 
Alkaline, 151 
Alkaline cell, 69 
Alkaline-earth metals, 165, 

170-171 
Alkanes, 192, 214 (1) 

Alkenes, 193, 274 (2) 
Alkyl group, 215 (8) 
Alkyl halides, see 

Halogenoalkanes 
Alkynes, 194, 274 (3) 

Allantois, 276 
Alleles/Allelomorphs, 

325 (Genes) 

Allotropes, 136 (Allotropy) 

Allotropy, 136 

Alloy, 344 

Alpha decay (a-decay), 87 

Alpha particles (a-particles), 86, 
87 (Alpha decay), 90, 128 


Alpha rays (a-rays), 86 (I) 

Alpha sulphur (a-sulphur), see 
Rhombic sulphur 

Alternating current (a.c.), 61, 110 

Alternation of generations, 321 

Alula, see Bastard wing 

Alum, see Aluminium potassium 
sulphate-12-water 

Alumina, see Aluminium oxide 

Aluminium (Al), 112, 157, 165, 176, 
211, 212, 219 (Cations) 

Aluminium hydroxide 
(Al(OH)3), 176 

Aluminium oxide (Al,O,), 176, 
183 (Oxides) 

Aluminium potassium 
sulphate-12-water 
(K2S0,.Al2(SO4)3), 154 

Aluminium sulphate (Al_(SO,)3), 
176, 216 (Ethene) 

Alveoli (sing. alveolus), 299 

Amalgam, 344 

Americium (Am), 164, 212 

Amines, Primary, 195 

Amino acids, 205, 

239 (Ribosomes), 
328 (Proteins), 329, 336, 337 

Amino group (-NH,), 195 (Primary 
amines, Diamines), 

205 (Amino acids) 

Ammeter, 77, 110 

Ammonia (NH3), 132, 133, 143, 
151 (Base), 152, 153 (I), 162, 
163, 180 (Haber process), 181, 
182, 209, 219 (Cations) 

Ammonia solution (NH,OH), 

181 (Ammonia), 218 (Anions), 
219 (Cations) 

Ammonium chloride (NH,C)), 
143, 153, 162, 181 

Ammonium hydroxide, see 
Ammonia solution 

Ammonium nitrate (NH,NO.,), 
153, 181, 182 (Nitrates) 

Ammonium sulphate 
((NH4)2SO,), 181 

Amnion, 276, 319 

Amniota/Amniotes, 341 (Note 11) 

Amniotic fluid, 276 (Amnion), 319 

Amniotic sac, 276 (Amnion), 379 

Amoeba, 268 

Amorphous, 135 (I) 

Amorphous silicon, 112 

Amp/Ampere (A), 60, 96, 

159 (Current) 

Ampere hours, 69 (Capacity) 

Ampere’s swimming rule, 74 

Amphibia/Amphibians, 

273 (External gills), 

274 (Lateral lines, Tympanal 
organs), 

277 (Metamorphosis), 

341 (Chordata) 

Amphineura, 340 (Mollusca) 

Amphoteric, 151 

Amplifier (symbol for), 110 

Amplitude, 16, 34 

Ampulla (p!. ampullae), . 

315 (Semicircular ducts) 
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Ampulla of Vater, 297 
Amylase(s), 336 (I) 

Pancreatic, 336 (Pancreatic 

juice) 

Salivary, 336 (Saliva) 
Anabolism, 330 
Anadromous, 236 
Anaerobic respiration, 332 
Anal canal, 294, 295 (Large 

intestine) 
Anal fin, 269 (Median fins) 
Analogue, 111 (Logic gates) 
Anal sphincter, 295 (Large 
intestine) 
Anamniota, 341 (Note 11) 
Anaphase, 
(meiosis), 323 
(mitosis), 241 
AND (logic gate/operation), 
110, 111 

Androecium, 257 

Androgens, 316 (Testes), 334, 
335 (LH) 

Aneurin, see Thiamine 

Angiospermae/Angiosperms, 
339 (Charts 1 and 2) 


Angle, 
Critical, 51 
Visual, 55 


Angle of deviation, 57 
Angle of incidence (i), 46, 50 
Angle of reflection (r), 46 
Angle of refraction (r), 50 
Angular acceleration, 77 
Angular magnification, 55 (Visual 
angle) 
Angular velocity, 17 
Anhydrate, 155 
Anhydride, 151 
Anhydrite calcium sulphate 
(CaSO,), 171 (Calcium 
sulphate) 
Anhydrous, 155 (Anhydrate) 
Animal(s), 264-277, 
340-341 (Animal Kingdom) 
Higher, 264 (I) 
Lower, 264 (I) 
Animal starch, see Glycogen 
Anions, 66, 88 (lonization), 
130, 218 
Annelida/Annelids, 340 
Annual rings, 246, 247 
Annuals, 236 
Annular eclipse, 47 
Annulata, see Annelida 
Anode, 66 (Electrode), 
156 (Electrode) 
Anodizing, 157 
Anomalous expansion, 33 
Anopla, 340 (Nemertea) 
Antacid, 344 
Antagonist, 282 (Antagonistic 
pairs) 
Antagonistic hormones, 334 
Antagonistic pairs (muscles), 282 
Antennae (sing. antenna), 274 
Anterior cavity (eye), 
312 (Aqueous humour) 
348 Anterior lobe (pituitary gland), 297 


Anther, 256 (Stamens), 257 
Antheridium, 327 
Anthocerotae, 339 (Chart 1) 
Anthophyta, 339 (Chart 2) 
Anthozoa, 340 (Coelenterata) 
Anthracite, 179 (Coal), 208 
Antibodies, 287 
Anti-diuretic hormone, see ADH 
Antigen(s), 287 

Rhesus, 287 (Rhesus factor) 
Antigen-antibody complex, 

287 (Antibodies) 
Anti-knock agent, 199 (Octane 

rating) 

Antimony (Sb), 112, 165, 180, 212 
Antineutrino, 87 (Beta decay) 
Antinodal lines, 38, 

39 (Antinodes) 

Antinodal points / Antinodes, 

39, 43 
Anti-toxins, 287 (Antibodies) 
Anus, 294, 295 (Large intestine) 
Anvil (ears), see Incus 
Aorta, 289, 290, 291 
Aortic valve, 291 (Semilunar 

valves) 

Apatite (8Ca,(PO,)2.CaF.), 
182 (Phosphorus), 
284 (Enamel) 
Aperture, 
(camera), 54 (Diaphragm) 
(lens), 52 
(mirror), 48 
Apex (leaves), 248 
Apical meristem, 244 (Meristem) 
Apparatus (chemical), 223-225 
Apparatus, Golgi, see 

Golgi compiex 
Apparent cubic expansivity, 

32, 33 
Apparent depth, 51 
Apparent weightlessness, 19 
Appendage, 264 
Appendix, 294, 295 
Aqua regia, 182 
Aqueous humour, 372 
Aqueous solution, 144 
Aqueous solvent, 144 
Arachnida/Arachnids, 

340 (Arthropoda) 
Arachnoid, 303 (Meninges) 
Archegonium, 327 
Archimedes’ principle, 25 
Area (A), 97 

(measurement of), 101 
Surface (measurement of), 101 
Areal expansivity, see 

Superficial expansivity 
Argon (Ar), 165, 183, 189, 212 
Armature (electric motor), 76 
Ardématic compounds, 190 
Arsenic (As), 112, 165, 180, 212 
Arterial system, 288 (Arteries) 
Arteriole(s), 288 (Arteries) 

Afferent, 301 (Glomerulus) 
Efferent, 301 (Glomerulus) 
Artery(ies), 288, 291 
Brachial, 289 
Brachiocephalic, 290 


Artery(ies) (cont’d) 
Celiac, 289 
Common carotid, 290 
Common iliac, 289 
Femoral, 289 
Gastric, 289 
Gonadal, 289 
Hepatic, 289 
Inferior mesenteric, 289 
Pulmonary, 290, 

291 (Pulmonary trunk) 
Renal, 289, 300 (Kidneys) 
Splenic, 289 
Subclavian, 289, 290 
Superior mesenteric, 289 

Arthropoda/Arthropods, 

265 (Haemocoel), 270, 271, 

272 (Spiracle, Tracheae), 

273 (Malpighian tubules), 

274 (Palps, Telson), 

275 (Compound eyes), 

277 (Larva), 340, 341 (Notes 4 

and 5) 

Articular cartilage, 

281 (Cartilage) 

Articular processes (Inferior, 

Superior), 278 
Articulations, see Joints 
Artificial propagation, 263 
Aschelminthes, 340 
Ascorbic acid (CgHgO.¥), 150, 205, 

337 (Vitamin C) 

Asexual reproduction, 320 
Asphalt, see Bitumen 
Aspidogastrea/Aspidobothrea/ 

Aspidocotylea, 

340 (Platyhelminthes) 
Association area(s), 

302 (Brain), 303 

Auditory, 303 

Visual, 303 
Association neurons, 305 
Astatine (At), 165, 186, 212 
Asteroidea, 

341 (Echinodermata) 
Astral rays/Asters, 241 
Atlas, 278 (Vertebrae), 279 
Atmospheric pressure, 24, 

25 (Barometer), 113 
Atmospheric water, 206 
Atom(s), 4, 5, 82-87, 124, 125-134, 

137-139 
Rutherford-Bohr, 82 

Atom bomb (A-bomb), see 

Fission bomb 
Atomic energy, 84-85 
Atomicity, 124 
Atomic lattice, Giant, 4, 137 
Atomic mass, Relative, 83, 138, 

164-165, 212-213 
Atomic mass units, Unified (u), 

83 (Relative atomic mass) 
Atomic nucleus, see Nucleus 
Atomic number (Z), 82, 127, 

164-165, 212-213 
Atomic structure, 82-83, 126-127 
Atomic theory, Dalton’s, 124 
Atomic weight, see 

Relative atomic mass 








ATP, 327 (Active transport), 

332 (Aerobic respiration), 333 
Atria (sing. atrium), 290 
Atrioventricular valves, 291 
Attenuation, 35 
Auditory area, Primary, 303 
Auditory association area, 303 
Auditory ossicles, see 

Ear ossicles 
Auditory tube, see 

Eustachian tube 
Auricles, 

(ears), see Pinnae 

(heart), see Atria 
Autocatalysis, 161 
Autografting, 263 (Grafting) 
Autonomic actions, 

309 (Involuntary actions) 
Autonomic ganglia, 309 
Autonomic nervous system, 303 

(Hypothalamus), 308 
Autosomes, 325 (Sex 

chromosomes) 
Autotrophic, 234 (Food web) 
Auxins, 251 (Growth hormones) 
Avalanche (particles), 89 
Average rate (of reaction), 160 
Average speed, 10 (Speed) 
Average velocity, 10 (Velocity) 
Aves, 341 (Chordata, Note 11) 
Avogadro’s hypothesis/law, 143 
Avogadro’s number, 96 (Mole), 

113, 139 
AV valves, see 

Atrioventricular valves 
Axil, 244 (Axillary bud) 

Axillary bud, 244 

Axis, 
(bone), 278 (Vertebrae), 279 
Magnetic, 70 
Principal (reflection, 

refraction), 48, 52 
Axon, 304 


Baby teeth, see Deciduous teeth 

Bacillariophyta, 338 

Backbone, see Vertebral column 

Back e.m.f., 60 (Electromotive 
force) 

Background count, 

88 (Background radiation) 
Background radiation, 88 
Backward reaction, 162 
Bacteria (sing. bacterium), see 

Schizophyta 

Denitrifying, 209, 235 

Nitrate, 235 

Nitrifying, 235 

Nitrogen-fixing, 209, 
235 (Nitrogen fixation) 


Balance (equipment), 
Current, 60 (Ampere) 
Spring, 22 
Top pan, 225 

Balanced equation, 141 

Baleen, see Whalebone 

Ball-and-socket joints, 280 

Barbels, 274 

Barbs, 267 (Feathers) 

Barbules, 267 (Feathers) 

Barium (Ba), 164, 170, 212, 

219 (Flame tests) 

Barium chloride (BaCl.), 

218 (Anions) 

Bark, 247 (Phellem) 

Barlow’s wheel, 76 

Barometer, 25 
Simple, 25 

Basal metabolic rate, 

330 (Metabolic rate) 

Basal rosette, 250 

Base (chemistry), 150 (I), 151 
Strong, 152 
Weak, 152 

Base (transistor), 65 

Basic, 151 (Base) 

Basic copper sulphate 

(CuSO,.3Cu(OH)z), 
175 (Copper) 
Basicity, 153 
Basic oxygen process, 
174 (Steel) 

Basic quantities, 96 

Basic salt, 154 

Basic SI units, 96 

Basic zinc chloride 

(Zn(OH)CI), 154 

Bastard wing, 269 

Battery, 68 (I), 69, 110, 159 (Cell) 

Batrachia/Batrachians, see 

Amphibia 

Bauxite (Al,0,.2H,0), 

176 (Aluminium oxide), 
345 (Ore) 

B.E., see Binding energy 

Beaker, 100, 223 

Beat frequency, 42 (Beats) 

Beats, 42 

Becquerel (Bq), 87, 129 

Beehive shelf, 223 

Bell, Electric, 75 (Electric 

buzzer) 

Bell flower, 259 

Benthos, 342 

Benzene ring, 190 (Aromatic 

compounds) 

Berkelium (Bk), 165 

Berry, 262 

Beryllium (Be), 164, 170, 212 

Beta decay (B-decay), 87 

Beta particles (8-particles), 86, 

87 (Beta decay), 90, 128 
Beta rays (B-rays), 86 (I) 
Beta sulphur (B-sulphur), see 
Monoclinic sulphur 

Biased (Forward, Reverse), 
65 (Diode) 

Bicarbonate of soda, see 
Sodium hydrogencarbonate 


Biceps, 282 
Bi-concave (lens), 53 
Bi-convex (lens), 53 
Bicuspids, see Premolars 
Bicuspid valve, 
291 (Atrioventricular valves) 
Biennials, 236 
Bilateral symmetry, 264 
Bile, 296 (Liver), 335 (CCK), 336 
Bile acids, 336 (Bile) 
Bile duct, Common, 296, 
297 (Gall bladder) 
Bile salts, 336 (Bile) 
Bimetallic strip, 32 
Binary (compound), 122 
Binary fission, 
240 (Cell division) 
Binding energy (B.E.), 84 
Binding energy per nucleon, 84 
Biodegradable, 210 
Biodegradable detergents, 201 
Biological washing powders, 
201 (Washing powders) 
Biomass (ecology), 
Pyramid of, 234 
Biomes, 232 
Biopolymers, see 
Natural polymers 
Biosphere, 232 
Biotic factors, 232 (1) 
Biotin, 337 (Vitamin B complex) 
Bipinnate, 250 
Birds, 233 (Ecological niche), 
267, 269 (Pectoralis 
muscles), 271, 341 (Aves) 
Bismuth (Bi), 87, 112, 165, 
180, 212 
Bitumen, 199 
Bituminous coal, 179 (Coal) 
Bivalents, 322 (Prophase) 
Bivalvia/Bivalves, see 
Lamellibranchiata 
Bladder, 300, 307, 316 
Air, see Swim bladder 
Gall, 297, 335 (CCK) 
Swim, 267 
Urinary, see Bladder 
Black body, 29 (Leslie’s cube) 
Blast furnace, 174 
Blastocyst, 321 (Embryo) 
Bleach, 344 
Blending, see 
incomplete dominance 
Blind spot, 313 
Blood, 286-287 
Blood cells (Red, White), 286 
Blood groups, 287, 
325 (Codominance) 
Blood sinuses, 316 (Penis) 
Blood vessels, 288 (I) 
Blue-green algae, 235, 
338(Cyanophyta) 
BMR, see Basal metabolic rate 
Body (vertebrae), see Centrum 
Body-centred cubic (particle 
arrangement), 137 
Boiling, 30 (Vaporization), 121 
Boiling point, 30 (Vaporization), 


31, 121 (Boiling), 212-213 349 
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Boiling point test, 221 
Boiling tube, 225 
Bole, 247 
Bolus, 294 (Oesophagus) 
Bomb, 
Atom/Fission, 93 
Fission-fusion, 93 (Fusion 
bomb) 
Fusion/Hydrogen, 93 
Bomb calorimeter, 146 
Bond(s), 130 (I) 
Coordinate, see 
Dative covalent bond 
Covalent, 132 (I) 
Dative covalent, 132 
Double, 132, 214 (b and 2) 
Hydrogen, 134 
lonic, 131 (I) 
Polar, 133 
Single, 132, 214 (a and 1) 
Triple, 132, 214 (c and 3) 
Bond energy, 147 
Bonding, 130, 131-134 
Covalent, 132-133 
lonic, 131 
Metallic, 134 
Bone(s), 278-279 
Coracoid, 269 
Cranial, 278 (Cranium) 
Facial, 278 (Cranium) 
Bone marrow, 281 
Bone (tissue), 280-281 
Compact, 280, 281 (Bone) 
Spongy, 280, 281 (Bone) 
Bony fish, 341 (Note 10) 
Bony labyrinth, 314 (Inner ear) 
Book lungs, see Lung books 
Bordeaux mixture, 175 
Boron (B), 165, 176, 212 
Boron oxide (B03), 176 
Boron trichloride (BCl,), 133 
Bowman’s capsule, 300, 301 
Boyle’s law, 33, 142 
Brachial arteries, 289 
Brachial veins, 289 
Brachiocephalic artery, 290 
Brachiocephalic veins, 290 
Bract, 249 
Brain, 302, 303, 306, 308, 309 
Brain stem, 303 
Branched chain (atoms), 190 
Branchiae (sing. branchia), 
see Gills 
Branchial, 273 
Brass, 112, 175 
Breaking stress, 23 
Breastbone, see Sternum 
Breathalyser, 196 
Breathing, 299 
Brine, 169 (Sodium chloride) 
Brittle, 23 (Yield point) 
Bromides, 186 (I), 188, 
218 (Anions) 
Bromine (Br/Br.), 92, 165, 186, 
188, 193, 212, 215 (9) 
Bromine water, 188 (Bromine) 
Bromoethane (C2H;Br), 275 (9) 
Bromo group (-Br), 195, 215 (9) 
Bromothymol blue, 152 


Bronchi (sing. bronchus), 
298, 299 
Primary, 298, 299 (Bronchi) 
Secondary, 298, 299 (Bronchi) 
Tertiary, 298, 299 (Bronchi) 
Bronchial, 299 
Bronchioles, 298, 299 
Terminal, 299 (Bronchioles) 
Bronsted-Lowry theory, 151 
Bronze, 175 
Brownian motion, 5, 123 
Brushes (electric motor), 76 
Bryophyta, 338 
Bubble caps, 198 
Bubble chamber, 90 
Buccal cavity, see Oral cavity 
Buchner flask, 220, 224 
Buchner funnel, 220, 224 
Bud(s) (plants), 244 
Axillary/Lateral, 244 
Primary, 261 (Plumule) 
Secondary, see Axillary bud 
Terminal, 244 
Buds, Taste, 79 (Tongue) 
Budding, 
(artificial propagation), 263 
(asexual reproduction), 
see Gemmation 
Bulb, 
(hairs), 377 
(light), 110 
Olfactory (nose), 307 
(plants), 262 
Bulbourethral glands, see 
Cowper’s glands 
Bunsen burner, 223 
Burette, 100, 223 
Burning, see Combustion 
But-1-ene (C,Hs), 193 
But-1-yne (C4He), 194 
Butan-1-ol (C,HgOH), 790, 196, 197 
Butan-2-ol, 197 
Butane (C4H49), 192, 
199 (Refinery gas) 
Butanone (CH;,COCH.CHS), 
215 (6) 
Buzzer, Electric, 75 


C 


Cadmium (Cd), 112, 165, 173, 212 

Caecum, 271, 294, 295 (Large 
intestine) 

Caesium (Cs), 164, 166, 168, 212 

Calamine (ZnCO.,), 175 (Zinc) 

Calcarea, 340 (Porifera) 

Calciferol, see Vitamin D 

Calcite, 171 (Calcium carbonate) 

Calcitonin, see TCT 

Calcium (Ca), 164, 170, 171, 207, 
211, 212, 219 (Flame tests, 
Cations) 


Calcium carbonate (CaCQ3), 

141 (Trivial name), 171, 

179 (Carbonates), 

207 (Temporary hardness), 

216 (Carbon dioxide) 
Calcium chloride (CaCl), 138, 

149, 171, 206, 216, 

221 (Desiccation) 

Calcium hydrogencarbonate 

(Ca(HCO3)2), 177, 

207 (Temporary hardness) 
Calcium hydroxide (Ca(OH),), 171 
Calcium metasilicate (CaSiO3), 

177 (Silicates) 

Calcium oxide (CaO), 171, 174, 

183 (Oxides) 

Calcium phosphate 

(Ca,(PO,)2), 182 
Calcium stearate, 207 
Calcium sulphate (CaSO,), 153, 

171, 185 (Sulphates) 

Anhydrite, 171 (Calcium 
sulphate) 
Calibration, 344 
Californium (Cf), 165 
Callipers, Vernier slide, 100 
Calorific value, 208 
Calorimeter, Bomb, 146 
Calorimetry, 344 
Calyx, 256 (Sepals) 
Cambium, 242, 243, 
246 (Vascular cylinder), 247 
Cork, see Phellogen 
Camera, 54 
Gamma, 97 
Candela (cd), 96 
Canines (teeth), 285 
Capacitance (C), 59, 97 
Capacitor, 59, 110 
Electrolytic, 59, 110 
Paper, 59 . 
Polyester, 59 (Paper capacitor) 
Variable, 59, 119 
Capacity, 
(electrochemical cells), 69 
Heat (C), 30 
(potential), see Capacitance 
Specific heat (c), 30, 112 
(volume), 101 
Capillaries, 289, 292 (Tissue fluid) 
Lymph, 293 (Lymph vessels) 
Capillarity / Capillary action, 

23, 252 
Capillary tube, 23, 24, 26 (Liquid- 

in-glass thermometer) 
Carapace, 266 
Carbohydrates, 204, 209, 

254-255, 328, 336, 337 
Carbon (C), 82, 88 (Background 

radiation), 91 (Radiocarbon 

dating), 127, 138, 148, 165, 

174 (Steel), 177, 178, 209, 211, 

212, 214-215, 235, 328 
Carbonates, 150 (Acid), 

154 (method 2), 179, 211, 

218 (Anions) 

Carbon cycle, 209, 235 
Carbon dating, see 
Radiocarbon dating 


Carbon dioxide (CO,), 133, 140, 
148, 150 (Acid), 169, 171, 174, 
178, 179, 183 (Oxides), 197, 
204, 208, 

209 (Photosynthesis), 210, 

211, 216,217 (Nitrogen), 

218 (Gases, Anions), 235, 

254-255, 288-291, 298-299 
Carbon fibres, 179 
Carbonic acid (H2CO3), 

179 (Carbon dioxide), 

210 (Acid rain) 

Carbon monoxide (CO), 174, 178, 
179, 210 

Carbon resistor, 62 (Resistor) 

Carbonyl group (-CO-), 

194 (Ketones), 214 (f), 215 (6) 
Carboxyl group (-COOH), 

195 (Carboxylic acids), 

205 (Amino acids), 214 (g), 

215 (7) 

Carboxylic acids, 195, 

202 (Soap), 205 (Lipids), 

215 (7) 

Carboxypeptidase, 

336 (Pancreatic juice) 
Cardiac, 291 
Cardiac cycle, 290-291 
Cardiac muscle, 283 
Cardiac muscle (tissue), 283 
Cardiac sphincter, 294, 295 
Cardiovascular system, 290 (I) 
Carnassial teeth, 270 
Carnivores, 234 (Secondary 

consumers) 

Carotene, 255 (Pigments), 377, 
337 (Vitamin A) 

Carotid arteries, Common, 290 

Carpals, 279, 280 

Carpel, 256, 257 

Carpus, 279 (Carpals) 

Cartilage, 281 

Articular, 281 (Cartilage) 
Costal, 278 (Rib cage) 

Cartilaginous fish, 

341 (Note 10) 

Cartilaginous joints, 

281 (Cartilage) 

Caryopsis, see Grain 

Casein, 336 (Gastric juice) 

Castes, 342 (Social) 

Cast iron, 112, 174 (Iron) 

Catabolism, 330 

Catadromous, 

236 (Anadromous) 
Catalysis, 161 (Catalyst) 
Catalyst, 161, 331 (Enzymes) 

Heterogenous, 161 
Homogenous, 161 
Surface, 161 

Catalytic cracking/Cat cracking, 
198 (Cracking) 

Catalytic proteins, 

328 (Proteins), 331 (Enzymes) 
Caterpillar, 277 (Larva) 
Cathode, 66 (Electrode), 

156 (Electrode) 

Cathode ray oscilloscope (CRO), 
73, 81 


Cathode rays, 80-81 
Cathodic protection, see 
Sacrificial protection 
Cations, 66, 88 (Ionization), 
130, 219 
Caudal, 269 
Caudal fin, 269 (Median fins) 
Caudate, 269 (Caudal) 
Caustic curve, 49 (Spherical 
aberration) 
Caustic potash, see 
Potassium hydroxide 
Caustic soda, see 
Sodium hydroxide 
CCK, 334 
Celiac artery, 289 
Cell(s) (biology), 238-241, 322-323 
Blood (Red, White), 286 
Companion, 242 (Phloem) 
Daughter, 240 (Cell division) 
Egg, 258 (Ovules), 
321 (Gametes), 323 (Gamete 
production, female) 
Flame, 273 (Nephridia) 
Germ, see Gametes 
Guard, 249 
Interstitial, 376, 
335 (Androgens) 
Olfactory, 307 (Nose) 
Palisade, 248 (Palisade layer) 
Parent, 240 (Cell division) 
Passage, 243 (Endodermis) 
Schwann, 304 (Nerve fibres) 
Spongy, 248 (Spongy layer) 
Target, 334 (Hormones) 
Thread, see Cnidoblasts 
Cell(s) (electrochemistry), 68-69, 
110, 159 
Alkaline, 69 
Daniell, 159 
Downs’, 168 
Dry, 69 
Electrolytic, 66, 156 
Half, 158 
Leclanché, 69 
Nickel-cadmium, 69 (Alkaline 
cell) 
Primary, 69, 159 (Cell) 
Secondary, 69, 159 (Cell) 
Simple, 68 
Standard, 69 
Storage, see Secondary cell 
Voltaic, 68 (I) 
Cell body, 304, 305 
Cell division, 240-241, 322-323 
Cell membrane, 238, 239, 327 
Cell sap, 238 (Vacuoles), 
253 (Turgor) 
Cellular respiration, see 
Internal respiration 
Cellulase, 329 (Roughage) 
Cellulose, 238 (Cell wall), 
270 (Rumen), 329 (Roughage) 
Cell wall, 238 
Celsius scale, 27, 143 (Absolute 
temperature scale) 
Cement/Cementum (teeth), 284 
Central incisors, 285 
Central nervous system, 302-303 


Central processing unit 

(CPU), 111 
Centre of curvature (C), 48, 52 
Centre of gravity, 10 (Centre of 

mass) 

Centre of mass, 10 
Centrifugal force, 17 
Centrifuge, 220 
Centrifuging, 220 
Centrioles, 240, 241, 322, 323 
Centripetal acceleration, 17 
Centripetal force, 17 
Centromeres, 241, 322 
Centrosome, 240 (Centrioles) 
Centrum, 278 (Vertebrae), 279 
Cephalaspidomorphi, 
341 (Chordata, Notes 9 
and 10) 
Cephalic, 303 
Cephalic veins, 289 
Cephalochordata, 

341 (Chordata, Note 6) 
Cephalopoda/Cephalopods, 

272 (Siphon), 340 (Mollusca) 
Cephalothorax, 274 
Cerebellum, 302 
Cerebral, 303 
Cerebral cortex, 302 (Cerebrum) 
Cerebral hemispheres, 

302 (Cerebrum) 
Cerebrospinal fluid, 303 
Cerebrum, 302 
Cerium (Ce), 164, 212 
Cerumen, 314 (Outer ear) 
Ceruminous glands, 

314 (Outer ear) 

Cervical canal, 317 
Cervical vertebrae, 279 
Cervix, 
(teeth), see Neck 
(uterus), 317 
Cestoda, see Cestoidea 
Cestoidaria, 

340 (Platyhelminthes) 
Cestoidea, 

340 (Platyhelminthes) 
Chaetae (sing. chaeta), 

268 (Parapodia) 

Chain (atoms), 190 (I) 

Branched, 190 

Side, 190, 214 (h), 215 (8) 

Straight, 190 
Chain, Decay, see Decay series 
Chain, Food, 234 (Food web) 
Chain reaction, 92 (Induced 

fission), 129 (Nuclear fission) 

Chalazae (sing. chalaza), 

(animal eggs), 276 

(flowering plants), 257 (Ovaries) 
Chalk, 141 (Trivial name), 

171 (Calcium carbonate) 
Changeover switch, 64 
Changes of state, 30-31, 120-121 
Characteristics of life, 236 (I) 
Charcoal, 179 

Activated, 179 
Charge (electric), 56-59, 97 
Charles’ law, 33, 142 
Chelae (sing. chela), 274 
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Chelicerae (sing. chelicera), 
340 (Chelicerata) 

Chelicerata/Chelicerates, 

340 (Arthropoda) 
Chemical energy, 8, 9 
Chemical equilibrium, 163 
Chemical feedstocks, 199 
Chemical properties, 119 
Chemical reactions, 119, 

146-149, 156-163, 166 
Chemical symbols, 122, 212-213, 

226-227 
Chemistry, 

Environmental, 206-210 
Inorganic, 166, 167-189 
Organic, 190, 191-205 
Physical, 118, 119-163 

Chiasmata (sing. chiasma), 
322 (Crossing over) 

Chile saltpetre, see 
Sodium nitrate 

Chilopoda, 340 (Arthropoda), 
341 (Note 5) 

Chitin, 266 (Cuticle) 

Chlorides, 130, 131, 154, 187, 
218 (Anions) 

Chlorine (CI/Cl,), 131, 132, 138, 
147, 148, 160, 165, 170, 187, 
192, 207, 212, 215 (9), 216, 
218 (Anions) 

Chloro group (-Cl), 195, 215 (9) 

Chloroethane (CHCl), 195 

Chlorofluorocarbons, 

345 (Refrigerant) 
Chloromethane (CHCl), 192, 

215 (9) 

Chlorophyll, 770, 

255 (Chloroplasts, Pigments) 
Chlorophyta, 338 
Chloroplasts, 240 (Plastids), 

249 (Guard cells), 255 
Cholecystokinin, see CCK 
Chondrichthyes, see 

Elasmobranchiomorphi 
Chondriosomes, see 

Mitochondria 
Chordata/Chordates, 341 
Chorion, 319 
Chorionic villi, 319 
Choroid/Choroid coat, 312 
Chromatic aberration, 55 
Chromatic scale, 42 
Chromatids, 241, 322-323 
Chromatin, 238 (Nucleus), 

241 (Interphase), 

322 (Prophase) 
Chromatism, see 

Chromatic aberration 
Chromatography, 221 

Column, 221 (Chromatography) 
Gas, 221 (Chromatography) 
Paper, 2217 

Chrome iron ore, 

172 (Chromium) 
Chromium (Cr), 165, 172, 212 
Chromosomes, 238 (Nucleus), 

240 (Mitosis), 241, 322, 323, 

324, 325, 326 

Daughter, 241 (Anaphase) 


Chromosomes (cont’d) 
Homologous, 240 (Mitosis), 

322, 323, 

324 (Chromosomes), 

326 (Law of segregation) 

Sex, 325, 326 (Sex linkage) 
X, 325 (Sex chromosomes), 

326 (Sex linkage) 

Y, 325 (Sex chromosomes), 

326 (Sex linkage) 

Chrysalis, 277 (Pupa) 
Chrysophyta, 338 
Chyme, 295 (Stomach) 
Chymotrypsin, 336 (Pancreatic 
juice) 
Chymotrypsinogen, 336 (Note 2) 
Cilia (sing. cilium), 268 
Ciliary body, 312 
Ciliophora/Ciliata, 340 (Protozoa) 
Cinnabar (HgS), 173 (Mercury) 
Circuit(s), 60 (I), 159 (Current) 
Integrated, 111 (Logic gates) 
Primary, 78 
Secondary, 78 
(symbols), 110 
Circular motion, 17 
Uniform, 17 (Circular motion) 
Circular wavefronts, 34 
Circulatory system, 288-289 
Cirri (Sing. cirrus), 270 (Filter- 
feeding) 
Cis but-2-ene, 197 
Clamps, 225 
Classes, 338 (I) 
Classical taxonomy, 338 (I) 
Classification, 338 (I) 
Clavicle, 279 
Cleavage, 327 (Embryo) 
Cleavage furrow, 

241 (Cytokinesis) 
Cleavage plane, 136 
Cleidoic eggs, 276 (Eggs) 
Climatic factors, 232 (I) 

Climax community, 

233 (Ecological succession) 
Clinical thermometer, 26 
Clitellata, 340 (Annelida) 
Clitoris, 317 (Vulva) 

Cloaca, 271 
Cloacal aperture/vent, 277 
Closed system, 162 
Clot, 287 (Clotting) 
Clotting, 287 
Cloud chamber, 90 

Diffusion, 90 

Wilson, 90 
Clubmosses, see Lycopodiales 
Cnidaria, see Coelenterata 
Cnidoblasts, 270 
CNS, see 

“Central nervous system 

Coagulation, see Clotting 
Coal, 179, 208, 209 

Bituminous, 179 (Coal) 

Destructive distillation of, 179 
Coal gas, 179 (Carbon monoxide) 
Coal tar, 179 
Cobalamin, see Cyanocobalamin 
Cobalt (Co), 112, 165, 173, 212 





Cobailt(Il) chloride (CoCI,), 

173 (Cobalt), 218 (Water) 
Coccygeal vertebrae, 279 
Coccyx, 279 
Cochlea, 314 
Cochlear duct, 314, 315 
Cocoon, 277 (Pupa) 
Codominance, 325 
Coefficient, 344 
Coefficient of dynamic friction, 

7 (Coefficient of friction) 
Coefficient of friction (u), 7 
Coefficient of limiting friction, 

7 (Coefficient of friction) 
Coelenterata/Coelenterates, 

270(Cnidoblasts), 

275 (Tentacles), 340 
Coelom, 265 
Co-enzymes, 331 (Enzymes), 

337 (Vitamin B complex, 

Vitamin C) 

Coherent waves, 38 (I) 
Cohesion, 23 
Coil (electromagnetism), 74 
Flat/Plane, 74 
Primary, 79 
Secondary, 79 
Coitus, see Copulation 
Coke, 174, 179, 208 
Coleoptile, 261 
Collagen, 280 (Connective 

tissue), 337 (Vitamin C) 
Collarbone, see Clavicle 
Collecting duct/tubule, 301 
Collector, 65 (Transistor) 
Collenchyma, 243 (Cortex) 
Collision, 12 
Collision theory, 160 
Colloid, 145 
Colon, 294, 295 (Large intestine) 
Colonial, 342 
Colour(s), 54-55 

Complementary, 55 
Primary, 55 
Secondary, 55 
Colour mixing, 55 
Column chromatography, 

221 (Chromatography) 

Combustion, 208 
Enthalpy change of/Heat of, 146 
Rapid, 208 
Slow, 208 

Commensalism, 

342 (Commensals) 
Commensals, 342 
Common bile duct, 296, 297 (Gall 

bladder) 

Common carotid arteries, 290 
Common hepatic duct, 

296 (Liver) 

Common iliac arteries, 289 
Common iliac veins, 289 
Community, 233 

Climax, 233 (Ecological 

succession) 

Pioneer, 233 

Successional, 233 
Commutator, 76 
Compact bone, 280, 281 (Bone) 


Companion cells, 242 (Phloem) 
Compass, Plotting, 72 (Magnetic 
field lines) 
Compensation points, 254 
Complementary colours, 55 
Complete metamorphosis, 277 
Completion (chemical 
reaction), 162 (I) 
Complex ion, 154 (Complex salt) 
Complex salt, 154 
Components, 6, 108 (Resolution) 
Composite flower, see 
Flowerhead 
Compound(s), 4, 122 

Aliphatic, 190 
Aromatic, 190 
Copper‘(l), 175 
Copperill), 175, 219 (Cations) 
Covalent, 132 (I) 
Cupric, see 

Copper(!l) compounds 
Cuprous, see 

Copper(l) compounds 
Ferric, see Iron (Ill) compounds 
Ferrous, see Iron 

(Il) compounds 
lonic, 4, 131 
lron(Il), 174, 219 (Cations) 
lron(Ill), 174, 219 (Cations) 
LeadiIl), 177 (Lead), 

219 (Cations) 

Lead(IV), 177 (Lead) 
Nitrate(IIl), see Nitrites 
Nitrate(V), see Nitrates 
Organic, 190 (I), 214-215 
Plumbic, see 
Lead(IV) compounds 
Plumbous, see 
Lead(Il) compounds 
Polyunsaturated, 191 
Saturated, 191 
Sulphate(IV), see Sulphites 
Sulphate(VI), see Sulphates 
Unsaturated, 191 
Compound eyes, 275 
Compound leaves, 248 (I), 250 
Compound microscope, 

54 (Microscope) 
Compression force, 7 
Compressions (waves), 35 
Computers, 111 
Concave lens, 52, 53 
Concave meniscus, 53 (Concave 

lens) 

Concave mirror, 48 
Concentrated, 144 
Concentration, 139 

Mass, 139 (Concentration) 
Condensation, 30, 121 
Condensation polymerization, 200 
Condensation reaction, 197 
Condenser(s), 223 

Liebig, 220, 223 

Reflux, 223 
Condensing electroscope, 

56 (Electroscope) 
Conduction, 

(electricity), 56 (Conductor) 
Thermal (heat), 28 





Conductivity, 
(electricity), 62 
Thermal (heat), 28, 112 

Conductor(s), 
(electricity), 56 


Thermal (heat), 28 (Conduction) 


Lightning, 57 (Lightning) 
Cones, 
(conifers), 339 (Coniferales) 
(eyes), 313 (Retina) 
Conical flask, 224 
Coniferales/Coniferophyta, 
339 (Charts 1 and 2) 
Coniferous forest (biome), 232 
Conifers, see Coniferales 
Conjunctiva, 312 
Connecting neurons, see 
Association neurons 
Connective tissue, 280 
Consequent poles, 77 
Conservation of energy, 
Law of, 8 (I), 147 
Conservation of linear 
momentum, Law of, 13 
Conservation of mass, 
Law of, 125 
Constant(s), 113, 344 
Dielectric, 59 
Gas, 33, 113, 142 
Gravitational (G), 18 (Newton’s 
law of gravitation), 113 

Faraday’s, 113 
Planck’s, 85 

Constantan, 112 

Constant composition, 

Law of, 125 
Constructive interference, 39 
Consumers, 

Primary/First order, 234 
Secondary/Second order, 234 
Tertiary/Third order, 234 
Contact force, 7 
Normal, 7 (Coefficient of 
friction) 
Contact process, 185 
Contour feathers, 267 (Feathers) 
Contractile vacuoles, 268, 273 
Control grid (oscilloscope), 87 
Control rods, 94 (Fission 

reactor), 95 
Convection, 28 
Convection current, 

28 (Convection) 
Converging lens, 52 
Converging mirror, see 

Concave mirror 
Conversion (energy), 8 (I), 9 
Convex lens, 52, 53 
Convex meniscus, 53 (Convex 

lens) 

Convex mirror, 48 
Convoluted tubules (Distal, 

Proximal), 301 (Uriniferous 

tubules) 

Coolant, 94, 95, 344 
Cooling curve, 37 
Coordinate bond, see 

Dative covalent bond 

Copolymer, 200 


Copper (Cu), 112, 148, 158, 165, 
173, 175, 180, 185, 211, 212, 
217 (Nitrogen), 219 (Flame 
tests, Cations) 

Copper(l) chloride (CuCl), 

175 (Copper(l) compounds) 
Copper(!) compounds, 175 
Copper(!) oxide (Cu,0), 

175 (Copper(l) compounds) 
Copperill) chloride (CuCl,), 

175 (Copper(il) compounds) 
Copper(Il) compounds, 175, 

219 (Cations) 

Copperitl) nitrate (Cu(NO,).), 187 

Copper(Il) oxide (CuO), 148, 154, 
185, 217 


Copper(tl) sulphate (CuSO,), 135, 


148, 153, 154, 155, 157, 
175 (Copper(!l) compounds), 
185, 217 (Hydrogen), 
218 (Water) 
Basic (CuSO,.3Cu(OH).), 

175 (Copper) 

Copper pyrites ((CuFe)S.), 
175 (Copper) 

Copper voltameter, 
67 (Voltameter) 

Copulation, 319 

Coracoid bones, 269 


Core, 
(electromagnets), 74 
(nuclear reactor), 94 (Fission 
reactor) 
Cork, see Phellem 
Cork cambium, see Phellogen 
Corm, 263 
Cornea, 312 
Cornified layer, see 
Stratum corneum 


Corolla, 256 (Petals) 
Corpus callosum, 
302 (Cerebrum) 
Corpuscles, 
Malpighian, see 
Renal corpuscles 
Meissner’s, 310 
Pacinian, 311 
Red, see Red blood cells 
Renal, 300, 307 
White, see White blood cells 
Corpus luteum, 318 (Menstrual 
cycle), 335 (LH, Lactogenic 
hormone, Oestrogen) 
Corrosion, 209 
Cortex, 
(adrenal glands), 297 
Cerebral, 302 (Cerebrum) 
(kidneys), 300 
(plants), 243 
Renal, see Cortex (kidneys) 
Secondary (plants), 
247 (Phelloderm) 
Corti, Organ of, 374, 

315 (Cochlear duct) 
Cortisol, see Hydrocortisone 
Cortisone, 334 
Corundum (AI,0,), 

176 (Aluminium oxide) 
Cosine, 344 
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Cosmic radiation, 

88 (Background radiation) 
Cosmic rays, 

86 (Radioisotope), 

88 (Background radiation) 
Costal cartilage, 278 (Rib cage) 
Cotyledon, 261 
Coulomb (C), 60, 97, 157 
Coulometer, see Voltameter 
Couple (forces), 14 
Covalency, 133 
Covalent bond, 132 (I) 

Dative, 132 
Covalent bonding, 132-133 
Covalent compounds, 132 (I) 
Coverts, 267 
Cowper’s glands, 376 
CPU, see 
Central processing unit 
Cracking, 198 
Catalytic/Cat, 198 (Cracking) 
Cranial bones, 278 (Cranium) 
Cranial nerves, 302 (Brain) 
Cranial reflexes, 309 (Reflex 
actions) 
Craniata, 341 (Chordata, Notes 
7-11) 
Craniate, 341 (Note 7) 
Craniates, see Craniata 
Cranium, 278, 279 
Creamy (precipitate), 145 
Crests (waves), 34 
Crinoidea, 341 (Echinodermata) 
Cristae (sing. crista), 
240 (Mitochondria) 
Critical angle (c), 51 
Critical length, 
251 (Photoperiodism) 
Critical mass, 93 
Critical ray, 51 (Critical angle) 
Critical temperature, 5 (Gas, 
Vapour), 120 (Gaseous state) 
CRO, see 
Cathode ray oscilloscope 
Crop (birds, etc.), 271 
Crossing over 
(chromosomes), 322 
Cross pollination, 259 
Crown (teeth), 284 
Crucible, 223 
Crude oil, see Petroleum 
Crustacea/Crustaceans, 
273 (Internal gills), 
274 (Antennae), 
340 (Arthropoda) 
Cryolite (Na3AIF,), 176 
Crypts of Lieberkihn, see 
Intestinal glands 
Crystal(s), 135-137 
Scintillation, 90 (Scintillation 
counter) 
Seed, 135 
Crystal lattices, 136 (I), 137 
Crystalline, 135 (I) 
Crystallization, 135, 221 
Water of, 135 
Crystallizing dish, 223 
Crystallography, X-ray, 136 
354 Ctenophora, 340 


Cubic (basic crystal shape), 136 
Body-centred (particle 
arrangement), 137 
Face-centred (particle 
arrangement), 137 
Simple (particle 

arrangement), 137 
Cubic close packing (particle 

arrangement), 137 
Cubic expansivity (y), 32 

Absolute, see 
Real cubic expansivity 
Apparent, 32, 33 
Real, 32, 33 
Cud, 271 (Rumen) 
Cupric compounds, see 

Copper‘(lIl) compounds 
Cuprous compounds, see 

Copper(l) compounds 
Cupulae (sing. cupula), 

315 (Semicircular ducts) 
Curds, 336 (Gastric juice) 
Curie (unit), 87, 129 (Becquerel) 
Curium (Cm), 165 
Current, Convection, 

28 (Convection) 

Current (electric) (1), 56 (I), 60-64, 

96 (Ampere), 159 

Alternating (a.c.), 61, 110 
Direct (d.c.), 60 
Eddy, 79 
Current balance, 60 (Ampere) 
Curvature, 
Centre of (C), 48, 52 
Radius of (r), 48 
Curved mirrors, 48 (I) 
Cusp, 285 (Canines, Premolars, 

Molars) 

Cuspids, see Canines 
Cuticle, 

(animals), 266 

(plants), 243 
Cutin, 243 (Cuticle) 
Cutis, see Skin 
Cutting, 263 
Cyanocobalamin, 337 (Vitamin B 

complex) 

Cyanophyta, 338 
Cycadales/Cycadophyta, 

339 (Charts 1 and 2) 
Cycle(s), 

Carbon, 209, 235 
Cardiac, 290-291 

Energy, 147 (Hess’s law) 
Life, 236 (I) 

Menstrual, 318, 335 (FSH, 

Oestrogen) 

(motion), 16 
Nitrogen, 209, 235 
Ovarian, 318 
(Menstrual cycle) 
Water, 206 
Cycloalkanes, 192 
Cyclohexane, 190, 192 

(Cycloalkanes) 
Cyclotrons, 83 (Radioisotope) 
Cystic duct, 296, 297 (Gall 

bladder) 

Cytokinesis, 241, 323 (Telophase) 


Cytokinins, 251 (Growth 
hormones) 

Cytoplasm, 238 

Cytosine, 324 


D 


Dalton’s atomic theory, 124 
Dalton’s law of partial 

pressures, 143 
Damping, 16 
Daniell cell, 159 
Darwinism, 237 (Adaptive 

radiation) 

Dating (Carbon/Radiocarbon), 

91, 129 
Dative covalent bond, 132 
Daughter cells, 

240 (Cell division) 
Daughter chromosomes, 

241 (Anaphase) 
Daughter nuclei, 

241 (Telophase), 

322 (Meiosis) 
Day-neutral plants, 

251 (Photoperiodism) 
Decanting, 220 
Decay (biological), 235 
Decay, Radioactive, 87, 128 

Alpha (a-decay), 87 
Beta (B-decay), 87 
Decay chain/series, 

87 (Radioactive decay), 129 
Decay curve, Radioactive, 1729 
Deceleration, 11 (Acceleration) 
Decibels (dB), 42 (Loudness) 
Deciduous, 236 
Deciduous dentition, 284 (I) 
Deciduous forest (biome), 232 
Deciduous teeth, 284 (I) 
Declination, 73 
Decomposers, 235 
Decomposition, 

162 (Dissociation) 

Double, 155 
Decomposition reactions, 

216 (Catabolism) 
Decussate, 250 
Defaecation, 295 (Large 

intestine) 
Defiection, Full-scale, 

77 (Ammeter) 

Deflection system 

(oscilloscope), 87 
Deformation, 

Elastic, 23 

Plastic, 23 (Yield point) 
Dehiscent, 260 
Dehydrating agent, 344 
Dehydration, 155 
Deionized, 207 
Deliquescent, 206 


Delivery tube, 223 
Delocalization, 134, 137 (Giant . 
metallic lattice) 
Demagnetization, 71 
Demersal, 342 
Demospongiae, 340 (Porifera) 
Dendrites, 304 
Dendron, 304 (Dendrites) 
Denitrifying bacteria, 209, 235 
Dens, see Dentes 
Density (p), 24-25, 97, 112, 113, 
212-213 
Magnetic flux, 72 
Optical, 50 (Snell’s law) 
Relative, 24 
Relative vapour, 143 
Surface, 57 
Density bottle, 24 
Dentes (sing. dens) 
(teeth), 284 (I) 
(vertebrae), 278, 279 
Denticles, 266 
Dentine, 284 
Dentition, 284 (I) 
Deciduous, 284 (I) 
Permanent, 284 (I) 


_ Deoxygenated, 290 (Atria) 


Deoxyribonucleic acid, see DNA 
Deoxyribose, 324 
Dependent variable, 98 
Depolarizing agent, 

68 (Polarization) 
Depolymerization, 200 
Derived quantities, 97 
Derived Sl units, 97 
Dermal papillae (sing. 

papilla), 370 
Dermis, 310, 377 
Desalination, 207 
Desert (biome), 232 
Desiccation, 221 
Desiccator, 221 (Desiccation), 223 
Destructive distillation of 

coal, 179 
Destructive interference, 39 
Detergent(s), 202-203 

Biodegradable, 203 
Enzyme, see 
Biological washing powders 
Non-biodegradable, 
203 (Biodegradable 
detergents) 
Soapless/Synthetic, 203 
Detergent molecule, 202, 203 
Detritus feeders, 342 
Deuterium (D), 93, 94 (Fusion 

reactor), 167 
Deuterium oxide (D0), 

167 (Deuterium) 
Deviation, Angle of, 57 
Dextrin, 336 (Saliva) 
Dextrose, see Glucose 
Diamagnetism, 72 
Diamines, 195 
Diamond(s), 137, 178, 212 

Synthetic, 178 (Diamond) 
Diaphragm, 

(camera), 54 

(human), 298, 299 


Diaphysis, 280 

Diastases, see Amylases 

Diastema (pl. diastemata), 270 

Diastole phase, 291 (Cardiac 
cycle) 

Diatomic, 124 

Diatoms, see Bacillariophyta 

Diatonic scale, 42 

Dibasic, 153 

Dicarboxylic acids, 195 

Dicotyledonae/Dicotyledons, 

261 (Cotyledon), 339 (Chart 1) 
Dictyosome, see Golgi complex 
Didelphia, see Metatheria 
Dielectric, 59 (Capacitor) 
Dielectric constant, 59 
Diencephalon, 303 
Diesel oil, 199 
Differentiation, 321 (Embryo) 
Diffraction, 36, 37 
Diffraction pattern, 136 (X-ray 

crystallography) 

Diffuse reflection, 47 
Diffusion, 5, 123, 327 
Graham’s law of, 5, 143 
Diffusion cloud chamber, 90 
Digenoidea/Digenea, 340 

(Platyhelminthes), 

341 (Note 3) 

Digestion, 271, 294 (I) 
Digestive enzymes, 

331 (Enzymes), 336 
Digestive glands, 296, 336 
Digestive juices, 296 (Digestive 

glands), 336 
Digestive system, 294-295 
Digital, 111 (Logic gates) 
Digitigrade, 268 
Digits, 279 
Dilute, 144 
Dimer, 125 
Dimerization, 181 (Nitrogen 

dioxide) 

Dinitrogen oxide (N2O), 125, 181 
Dinitrogen tetraoxide (N.O,), 
125, 181 
Diode, 65, 110 
Light emitting (LED), 65, 110 
Dioecious, 256 (I) 
Diol, 197 
Dioptres, 53 (Power) 
Dip, see Inclination 
Dip circle, 73 (Inclination) 
Dipeptides, 205, 337 
Diploid number, 240 (Mitosis), 

324 (Chromosomes) 
Diplopoda, 340 (Arthropoda), 

341 (Note 5) 

Dipoles, 71 (Domain theory of 
magnetism) 

Direct current (d.c.), 60 

Direct replacement, 155 

Direct synthesis, 155 

Disaccharides, 

204 (Sucrose), 337 
Disc(s), 

Invertebral, ' 

278 (Vertebrae), 279 

Optic, see Blind spot 


Disc florets, 259 

Discharge, 66 (lonic theory of 
electrolysis), 156 (lonic 
theory of electrolysis) 

Preferential, 66 (lonic theory of 

electrolysis) 
Discharge tube, 80 
Disintegration, 87 (Radioactive 
decay), 128 
Dispersal (seeds), 260 
Dispersion, 54 (Colour) 
Displacement (chemistry), 158 
Displacement (physics), 10, 34 
Displacement of air, 
Downward, 217 (Hydrogen) 
Upward, 216 (Chlorine), 
217 (Oxygen) 
Displayed formula, 140 
Disproportionation, 148 (Redox) 
Dissemination, see Dispersal 
Dissociation, 162 

Thermal, 162 (Dissociation) 

Dissolve, 144 (I) 

Distal, 301 

Distal convoluted tubule, 
301 (Uriniferous tubules) 

Distillate, 220 

Distillation, 220 

Destructive, 179 

Fractional, 220 

Fractional (of liquid air), 

180 (Nitrogen), 183 (Oxygen), 
189 (I), 208 (1) 
Fractional (of 
petroleum)/Primary, 198 
Distilled water, 207 
Divalent, 

(covalency), 133 

(electrovalency), 1317 
Diverging lens, 53 
Diverging mirror, see 

Convex mirror 
Divided touch (magnets), 71 
Divider, 

Potential/Voltage, 63 
Divisions (classification), 338 (I) 
DNA, 238 (Nucleus), 324 (Nucleic 

acids) 
Dog teeth, see Canines 
Dolomite (CaCO3.MgCO,), 
170 (Magnesium) 
Domains, 71 (Domain theory of 
magnetism) 
Domain theory of magnetism, 71 
Dominance, 325 (Genes), 326 

incomplete, 325 
Doping, 65 
Doppler effect, 41 
Dormancy, 237 
Dorsal, 269 
Dorsal fin, 269 (Median fins) 
Dorsal root, 302 (Spinal 

cord), 303 
Dose (radiation), 89 (Dosimeter) 
Dosimeter, 89 
Double bond, 132, 214 (b and 2) 
Double decomposition, 155 
Double helix, 324 (Nucleic acids) 
Double pole switch, 64 355 
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Double salt, 154 

Down feathers, 267 

Down’s cell, 168 

Downward displacement of air, 

217 (Hydrogen) 

Drag, 19 (Terminal velocity) 

Dropping pipette, 225 

Drupe, 262 

Dry cell, 69 

Drying agent, 

221 (Desiccation), 344 

D-T reaction, 93, 94 (Fusion 

reactor) 

Duct(s), 296 (Exocrine glands) 
Cochlear, 314, 315 
Collecting, 301 
Common bile, 296, 297 (Gall 

bladder) 

Common hepatic, 296 (Liver) 

Cystic, 296, 297 (Gall bladder) 

Lachrymal, 313 (Lachrymal 
glands) 

Left hepatic, 296 

Nasolachrymal, 

313 (Lachrymal glands) 
Pancreatic, 296 (Pancreas) 
Right hepatic, 296 
Right lymphatic, 292, 

293 (Lymph vessels) 
Semicircular, 314, 315 
Sperm, 316 
Stensen’s, 296 
Sweat, 311 (Sweat glands) 
Thoracic, 292, 293 (Lymph 

vessels) 

Wharton’s, 296 

Ductile, 23 (Yield point), 344 

Ductility, 344 (Ductile) 

Ductless glands, see 
Endocrine glands 

Duct of Wirsung, see 
Pancreatic duct 

Duodenum, 294, 295 (Small 
intestine), 296 

Dura mater, 303 (Meninges) 

Dynamic equilibrium, 14 


Dynamic friction, Coefficient of, 


7 (Coefficient of friction) 
Dynamic frictional force, 7 
Dynamics, 12-13 
Dynamo, see Generator 
Dynamo rule, see 

Fleming’s right-hand rule 
Dysprosium (Dy), 165, 212 


E 


Ear(s), 314-315 
External, see Outer ear 
Inner/Internal, 314, 315 
Middle, 314 
Outer, 314 


Ear canal, 314 (Outer ear) 
Eardrum, 314 
Early wood, see Spring wood 
Ear ossicles, 314 (Middle ear) 
Earpiece, 75 
Earth (wires), 67, 110 
Ecdysis, 277 (Larva) 
Echinodera, see Kinorhyncha 
Echinodermata/Echinoderms, 
265 (Coelom), 341 
Echinoidea, 341 (Echinodermata) 
Echo, 41 
Echolocation, 41 (Echo) 
Echo-sounding, 41 (Echo) 
Eclipse, 47 
Annular, 47 
Lunar, 47 (Eclipse) 
Partial, 47 
Solar, 47 (Eclipse) 
Total, 47 
Ecological niche, 233 
Ecological succession, 233 
Ecology, 232 (I) 
Ecosystem, 233, 234 
Ectoplasm, 268 
Edaphic factors, 232 (I) 
Eddy current, 79 
Effectors, 305 (Motor neurons), 
308 (I) 
Efferent, 308 
Efferent arteriole, 
301 (Glomerulus) 
Efferent neurons, see 
Motor neurons 
Efferent system, 308-309 
Somatic, 308 
Visceral, see 
Autonomic nervous system 
Efficiency, 20 
Efflorescent, 206 
Effort, 20 (I) 
Egg(s), 276 
Cleidoic, 276 (Eggs) 
Egg cell, 258 (Ovules), 

321 (Gametes), 323 (Gamete 

production, female) 
Einsteinium (Es), 165 
Einstein’s mass-energy 

formula, 84 
Ejaculation, 316 (Sperm duct), 

319 (Copulation) 
Elasmobranchiomorphi/ 

Elasmobranchs, 

266 (Denticles), 

341 (Chordata, Note 10) 
Elastic, 22 (Elasticity) 
Elasticity, 22 
Elastic limit, 22 
Elastic potential energy, 8 

lastin, 280 (Connective tissue) 
Electrical protection, see 

Sacrificial protection 
Electric bell, 75 (Electric buzzer) 
Electric buzzer, 75 

Electric charge (Q), 56-59, 97 

Electric current (I), 56 (I), 60-64, 
96 (Ampere), 159 

Electric energy, 9 

Electric field, 58 (I), 105, 107 


Electric field lines, 107 
Electric force, 6, 105, 107 
Electricity, 56-69, 74-79 
Static, 56-57 
Electricity supply, 61 
Electric meters, 77 
Electric motor, 76 
Electric wind, 57 (Point action) 
Electrochemical cell, see 
Cell (electrochemistry) 
Electrochemical equivalent, 
67 (Faraday’s laws of 
electrolysis) 
Electrochemical series, 159 
Electrode, 66, 156 
Active, 66 (Electrode), 156 
Hydrogen, 158 
Inert, 66 (Electrode), 156 
Platinum, 758 
Electrodeposition, see 

Electroplating 
Electrode potential (E), 158 
Electrolysis, 66-67, 156-157 

Faraday’s laws of (First, 

Second), 67, 157 

lonic theory of, 66, 156 
Uses of, 67, 157 
Electrolyte, 66, 156 
Strong, 66, 156 
Weak, 66, 156 
Electrolytic capacitor, 59, 110 
Electrolytic cell, 66, 156 
Electromagnetic energy, 

9 (Electric energy) 
Electromagnetic force, 6 
Electromagnetic induction, 

78-79 
Electromagnetic potential 

energy, 8 
Electromagnetic spectrum, 44 
Electromagnetic waves, 34 (I), 

44-45 i 
Electromagnetism, 74-76 
Electromagnets, 75-76 
Electromotive force (e.m.f.), 

60, 159 
Electron(s), 80-81, 83, 86 (Beta 

particles), 87 (Beta decay), 

88-90, 113, 126, 128 (Beta 

particle) 

Valency, 130 
Electron configuration, 127 
Electronegativity, 133 
Electron gun, 80 
Electron multiplier, 90 
Electron pairs, 132 (I) 
Electron shells, 83, 126 
Electron tube, 80 (I) 
Electron volt (eV), 85 
Electrophorus, 57 
Electroplating, 67, 157 
Electropositive, 

133 (Electronegativity) 
Electro-refining, 67, 157 
Electroscope, 56 

Condensing, 

56 (Electroscope) 

Gold leaf, 56 (Electroscope) 
Pulse (Wulf), 89 





Electrostatic force, see 
- Electric force 
Electrostatic induction, 57 
Electrostatics, First law of, 56 
Electrovalency, 131 
Element(s), 4, 122, 164-165, 
212-213 
Trace, 204 (I), 329 (Minerals) 
Eluent, 221 (Chromatography) 
Elytra (sing. elytron), 266 
Embryo, 260 (I), 276, 
319 (Fertilization), 321 
Embryophyta/Embryophytes, 
338, 339 (Chart 2) 
Embryo sac, 258 (Ovules), 
323 (Gamete production, 
female) 
E.m.f., see Electromotive force 
Back, 60 (Electromotive force) 
Emitter, 65 (Transistor) 
Empirical formula, 140 
Emulsion, 145 
Emulsification, 336 (Bile) 
Enamel (teeth), 284 
Enantiotropy, 136 
Endocardium, 290 (I) 
Endocarp, 262 (I) 
Endocrine glands, 297 
Endodermis, 243 
Endolymph, 314 (Inner ear) 
Endometrium, 317 (Uterus), 

318 (Menstrual cycle) 
Endoneurium, 306 
Endoplasm, 268 
Endoplasmic reticulum, 239 
Endopteryogotes, 277 (Complete 

metamorphosis) 
Endoscopes, 57 
Endoskeleton, 266 (I) 
Endosperm, 

258 (Fertilization), 261 
Endothelium, 288 (I) 
Endothermic reaction, 147 
End point, 222 (Volumetric 

analysis) 

Energy, 8-9, 97, 146-147, 208- 

209, 328, 330-333 

Activation, 160 
Atomic, 84-85 
Binding (B.E.), 84 
Bond, 147 
Chemical, 8, 9 
Elastic potential, 8 
Electric, 9 
Electromagnetic, 9 (Electric 
energy) 
Electromagnetic potential, 8 
Gravitational potential, 8 
Heat, 9, 28-33 
internal, 9 
Kinetic (K.E.), 9 
Law of conservation of, 
8 (I), 147 
Magnetic, 9 
Mechanical, 9 
Molecular potential, 8 
Nuclear, 84-85 
Nuclear potential, 9 
Potential (P.E.), 8, 106-107 





Energy (cont’d) 
Radiant heat, 29 (Radiation) 
Rotational kinetic, 9 (Kinetic 
energy) 
Strain, see 
Elastic potential energy 
Thermal, see Internal energy 
Translational kinetic, 9 (Kinetic 
energy) 
Vibrational kinetic, 9 (Kinetic 
energy) 
Wave, 9 
Energy cycle, 147 (Hess’s law) 
Energy level, 
(atoms), see Electron shell 
(ecology), see Trophic level 
Energy level diagram, 146 
Energy state, 84 (I) 
Engine, 
Jet, 13 
Rocket, 13 
Enopla, 340 (Nemertea) 
Enteric canal, see 
Alimentary canal 
Enterocrinin, 334 
Enterokinase, 336 (Intestinal 
juice) 
Enthalpy (H), 146 
Enthalpy change of 
combustion, 146 
Enthalpy change of 
formation, 147 
Enthalpy change of fusion, 
Molar, 146 (Enthalpy change 
of reaction), 147 
Enthalpy change of 
neutralization, 146 
Enthalpy change of reaction 
(AH), 146 
Standard (AH*), 146 
Enthalpy change of solution, 147 
Enthalpy change of vaporization, 
Molar, 146 (Enthalpy change 
of reaction), 147 
Entire (leaves), 250 
Environment, 232 (I) 
Internal, 333 (Homeostasis) 
Environmental chemistry, 
206-210 
Enzyme(s), 161, 205, 
239 (L_ysosomes), 
296 (Digestive glands), 
331, 336 
Digestive, 331 (Enzymes), 336 
Respiratory, 331 (Enzymes) 
Enzyme detergents, see 
Biological washing powders 
Ephemeral, 236 
Epicarp, 262 (I) 
Epidermis, 
(humans), 310, 377 
(plants), 243 
Epididymis 
(pl. epididymides), 316 
Epigeal, 261 
Epiglottis, 294 (Pharynx), 298 
Epigynous flower, 257 
Epimysium, 282 
Epinephrin, see Adrenalin 





Epineurium, 06 
Epiphytes, 342 
Epithelium, 310 (Epidermia) 
Equation(s), 98, 140 (1), 144 
Balanced, 141 
General gas/Ideal gas, 35, 142 
lonic, 141 
Nuclear, 92, 93, 128 
Symbol, 98 
Word, 98, 141 
Equation of state, see 
Ideal gas equation 
Equations of uniformly 
accelerated motion, 11 
Equator, Magnetic, 73 
Equilibrium, 14-15, 162 
Chemical, 163 
Dynamic, 14 (Equilibrium) 
Linear, 15 
Neutral, 15 
Rotational, 15 
Stable, 15 
Static, 14 (Equilibrium) 
Thermal, 28 (I) 
Unstable, 15 
Equilibrium position, 163 
Equipotential, 58 
Equisetales, 339 (Chart 1) 
ER, see Endoplasmic reticulum 
Rough, 239 (Endoplasmic 
reticulum) 
Smooth, 239 (Endoplasmic 
reticulum) 
Erbium (Er), 165, 212 
Erectile tissue, 316 (Penis), 
317 (Vulva) 
Error(s), 102-103 
Parallax, 102 
Reading, 103 
Zero, 102 
Erythrocytes, see 
Red blood cells 
Escape velocity, 19 
Esterification reaction, 
197 (Condensation reaction) 
Esters, 195, 197 (Condensation 
reaction) 
Ethanal (CH;CHO), 275 (5) 
Ethane (C2H,), 192, 193, 214 (1) 
Ethane-1,2-diol, 197 
Ethanedioic acid (COOH).), 195 
Ethanoic acid (CH;COOH), 157, 
195, 197, 215(7) 
Ethanol (C,H;OH), 747, 197, 196, 
197, 216 (Ethene), 222 
Ethene (C2H,), 140, 197, 193, 198, 
oan 201 (Polythene), 274 (2), 
Ether extraction, 221 (Solvent 
extraction) 
Ethyl acetate, see 
Ethyl ethanoate 
Ethyl alcohol, see Ethanol 
Ethylene, see Ethene 
Ethylene glycol, 
see Ethane-1,2-diol 
Ethyl ethanoate 
(CH,;COOCH,.CH,), 195, 197 
Ethyne (C,H,), 194, 214 (3) 357 
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Eucestoda, see Cestoidea 
Euglenophyta, 338 
Eukaryotic, 339 (Note 1) 
Eumycophyta/Eumycota, 338 
Eureka can, 24 
Europium (Eu), 164, 212 
Eustachian tube, 374 
Eutheria, 341 (Prototheria) 
Eutrophication, 210 
Evaporating basin, 223 
Evaporation, 31, 121 
Evergreen, 236 
Evolutionary adaptation, see 
Adaptive radiation 
Excretion, 273, 300 (I) 
Exhalant siphon, 272 (Siphon) 
Exhalation, see Expiration 
Exocrine glands, 296 
Exodermis, 
245 (Piliferous layer) 
Exopteryogotes, 
277 (Incomplete 
metamorphosis) 
Exoskeleton, 266 (I) 
Exothermic reaction, 147 
Expansion, 32-33 
Anomalous, 33 
Expansivity, 32 (I) 
Absolute cubic, see 
Real cubic expansivity 
Apparent cubic, 32, 33 
Areal, see 
Superficial expansivity 
Cubic (y), 32 
Linear (a), 32, 112 
Real cubic, 32, 33 
Superficial (B), 32 
Volume, see Cubic expansivity 
Expiration, 299 
Extensors, 283 (Skeletal 
muscles) 
External auditory canal, see 
Ear canal 
External ear, see Outer ear 
External fertilization, 
276 (Oviparous) 
External gills, 273 
External jugular veins, 290 
External respiration, 298 (I) 
External urinary sphincter, 
300 (Bladder), 307 
Extrinsic eye muscles, 313 
Eye(s), 312-313 
Compound, 275 
Eyeball, 312 (I) 
Eye muscles, 
Extrinsic, 313 
intrinsic, 3712 (Ciliary body) 
Eyepiece lens, 
(microscope), 54 
(telescope), 55 
Eye teeth, see Canines 


F 


Face-centred cubic (particle 
arrangement), 137 
Facet, 
(bones), 279 
(compound eyes), 275 
Facial bones, 278 (Cranium) 
Faeces, 295 (Large intestine) 
Fahrenheit scale, 27 
Fallopian tubes, 377, 
319 (Fertilization) 
False fruit, 262 (I) 
False ribs, 278 (Rib cage) 
Families, 338 (I) 
Farad (F), 59, 97 
Faraday (F), 157 
Faraday’s iron ring, 78 (Mutual 
induction) 
Faraday’s law of induction, 78 
Faraday’s laws of electrolysis 
(first and second), 67, 157 
Fascicles, 
(muscles), 
282 (Striated muscle) 
(nerves), 306 
Fast reactor/Fast breeder 
reactor (FBR), 95 
Fats, 204 (I), 205 (Lipids), 
293 (Lymph), 295 (Small 
intestine), 328, 329, 336 
Fatty acids, 328 (Fats), 336 (I, 
Pancreatic juice) 
Feather(s), 267 
Contour, 267 (Feathers) 
Down, 267 
Flight, see Remiges 
Primary, 267 (Remiges) 
Secondary, 267 (Remiges) 
Feather follicles, 267 
Feedback, 333 (Homeostasis) 
Negative, 333 (Homeostasis) 
Feedstocks, Chemical, 199 
Femoral arteries, 289 
Femoral veins, 289 
Femur, 279, 280, 281 
Fenestra ovalis, see 
Oval window 
Fenestra rotunda, see 
Round window 
Fermentation, Alcoholic, 197 
Fermium (Fm), 165 
Ferns, see Filicales 
Ferric compounds, see 
lron(ill) compounds 
Ferromagnetic, 70 
Ferrous compounds, see 
_ tron(tl) compounds 
Ferrous sulphate, see 
lron(Il) sulphate 
Fertilization, 320 (Sexual 
reproduction) 
(animals), 276 
External, 276 (Oviparous) 
(flowering plants), 258 
(humans), 319 
Internal, 276 (Viviparous) 


Fertilizers, 182, 210 
Fibre(s), 
Carbon, 179 
Muscle, 
282 (Striated muscle) 
Nerve, 304 
Optical, 57 
(plants), 242 (Xylem) 
(roughage), 204 (I), 329 
Spindle (cell division), 
241 (Metaphase) 
Fibrils, 282 (Striated muscle) 


_ Fibrin, 287 (Clotting) 


Fibrinogen, 287 (Clotting) 
Fibrous roots, 245 
Fibula, 279, 281 
Field(s), 104-107 
Electric, 58 (I), 105, 107 
Force, 6, 104-107 | 
Gravitational, 104, 106 
Magnetic, 72-73, 105, 107 
Field direction, 104-105 | 
Field effect transistor (symbol | 
for), 110 | 
Field intensity, 106-107 
Field lines, 6, 106-107 
Electric, 107 
Gravitational, 106 
Magnetic, 72, 107 
Field windings 
(electric motor), 76 
Filament(s), 
Gill, 273 (Internal gills) 
(light bulb), 64 
(muscles), 
282 (Striated muscle) 
(plants), 256 (Stamens) 
Filament lamp, 64 
Filicales, 339 (Chart 1) 
Film (camera), 54 
Filter-feeding, 270 
Filter funnel, 224 
Filtering, 220 
Filter paper, 223 
Filtrate, 220 
Glomerular, 300 (Glomerular 
filtration) 
Filtration, see Filtering 
Glomerular, 300 
Fimbriae, 317 
Finishing, see Fitting 
Fin(s), 269 
Anal, 269 (Median fins) 
Caudal, 269 (Median fins) 
Dorsal, 269 (Median fins) 
Median, 269 | 
Paired, 269 
Pectoral, 269 (Paired fins) 
Pelvic, 269 (Paired fins) 
Ventral, 269 
First law of electrostatics, 56 
First law of magnetism, 
70 (Pole) 
First meiotic division, 
322 (Meiosis) 
First order consumers, see 
Primary consumers 
First order sensory neuron, 
306, 309 





First polar body, 323 (Gamete 
production, female) 
Fish, 236 (Anadromous), 
266 (Scales), 269, 272-273, 
274 (Lateral lines), 341 
Bony, 341 (Note 10) 
Cartilaginous, 341 (Note 10) 
Fissile, 92 (Induced fission), 
129 (Nuclear fission) 
Fission, Binary, 240 (Cell division) 
Fission, Nuclear, 85, 92-93, 
94-95, 129 
Induced, 92 
Spontaneous, 92 
Fission bomb, 93 
Fission fragments, see 
Fission products 
Fission-fusion bomb, 93 (Fusion 
bomb) 
Fission neutrons, 92 (Nuclear 
fission) 
Fission products, 92 (Nuclear 
fission) 
Fission reactor, 94 
Fitting, 202 (Saponification) 
Fixed joints, 280 (I) 
Fixed macrophages, 286 (White 
blood cells) 
Fixed point (Lower, Upper), 26 
Flagella (sing. flagellum), 268 
Flagellata, see Mastigophora 
Flagellate, 268 (Flagella) 
Flame, 208 
Luminous, 208 
Non-luminous, 208 
Flame cells, 273 (Nephridia) 
Flame tests, 219, 222 
Flask(s), 224 
Buchner, 220, 224 
Conical, 224 
Flat-bottomed, 224 
Round-bottomed, 224 
Vacuum, 29 
Volumetric, 224 
Flat coil, 74 
Fleming’s left-hand rule, 76 
Fleming’s right-hand rule, 78 
Flexion, 283 (Skeletal muscles) 
Flexors, 283 (Skeletal muscles) 
Flight feathers, see Remiges 
Flint, 177 (Silicon dioxide) 
Floating ribs, 278 (Rib cage) 
Flocculent (precipitate), 145 
Florets, 259 (Flowerhead) 
Disc, 259 
Ray, 259 
Florigen, 251 (Photoperiodism) 
Flotation, Principle of, 25 
Flower(s), 256-259 
Bell, 259 
Composite, see Flowerhead 
Epigynous, 257 
Hypogynous, 257 
Lipped, 259 
Pea, 259 
Perigynous, 257 
Spurred, 259 
Flowerhead, 259 
Flowers of sulphur, 184 


Fluid, 120 
Amniotic, 276 (Amnion), 379 
Cerebrospinal, 303 
Intercellular/Interstitial, see 
Tissue fluid 
Pericardial, 290 (I) 
Pleural, 298 (Pleura) 
Seminal, 319 (Copulation) 
Tissue, 292 
Fluorescence, 45 
Fluorescent tube, 80 (Discharge 
tube) 
Fluorides, 186 
Fluorine (F/F.), 130, 165, 186, 212 
Fluoro group (-F), 195, 215 (9) 
Fluorocarbons, 186 
Fluorospar (CaF.), 
186 (Fluorine) 
Flux density, Magnetic, 72 
Flux lines, see Field lines 
Foam, 145 
Focal length (f), 48, 52 
Focal point, see Principal focus 
Foetus, 319 (Pregnancy) 
Foliage, 248 (I) 
Folic acid, 337 (Vitamin B 
complex) 
Follicle(s), 
Feather, 267 
Graafian, 317 (Ovarian 
follicles), 318 (Menstrual 
cycle) 
Hair, 310 
Ovarian, 317, 335 (FSH, LH, 
Oestrogen) 
Follicle-stimulating hormone, 
see FSH 
Food(s), 204-205, 328-329 
Accessory, 204 (I), 328 (I) 
Food chains, 234 (Food web) 
Food vacuole, 268 
Food web, 234 
Foramen (pl. foramina), 
Invertebral, 279 
Vertebral, 278 (Vertebrae) 
Force(s), 6-7, 97, 104-107 
Centrifugal, 17 
Centripetal, 17 
Compression, 7 
Contact, 7 
Dynamic frictional, 7 
Electric, 6, 105, 107 
Electromagnetic, 6 
Electromotive (e.m.f.), 60, 159 
Electrostatic, see 
Electric force 
Frictional, 7 
Gravitational, 6, 104, 106 
intermolecular, 7, 134 (van der 
Waals’ forces) 
Limiting frictional, 7 
Lines of, see Field lines 
Magnetic, 6, 105, 107 
Normal contact, 7 (Coefficient 
of friction) 
Nuclear, 7, 84 
Resultant, 6 
Sliding frictional, see 
Dynamic frictional force 





Force(s) (cont'd) 
Static frictional, see 
Limiting frictional force 
Tension, 7 
Turning, 14-15 
Van der Waals’, 134 
Force field, 6, 104-107 
Forced oscillation, 17 
Foreskin, 316 
Forest (biomes), 
Coniferous, 232 
Deciduous, 232 
Tropical, 232 
Formaldehyde, see Methanal 
Formalin, 194 
Formation, Enthalpy change of/ 
Heat of, 147 
Former (electromagnets), 74 (Coil) 
Formic acid, see Methanoic acid 
Formula (pl. formulae), 140, 
226-227 
3-dimensional structural, see 
Stereochemical formula 
Displayed, 140 
Einstein’s mass-energy, 84 
Empirical, 140 
Full structural, see 
Displayed formula 
General, 191 (Homologous 
series) 
Lens/mirror, 49 
Molecular, 140 
Shortened structural, 140 
Stereochemical, 140, 
190 (Stereochemistry) 
Formula mass, Relative/Formula 
weight, see 
Relative molecular mass 
Forward biased, 65 (Diode) 
Forward reaction, 162 
Fossil fuels, 208 (Fuel), 235 
Fovea/Fovea centralis, 
313 (Macula lutea) 
Fractions (petroleum 
distillation), 198 
Heavy, 198 (Fraction) 
Light, 198 (Fraction) 
Fractions (units), 96 
Fractional distillation, 220 
Fractional distillation of liquid 
air, 180 (Nitrogen), 
183 (Oxygen), 189 (I), 208 (I) 
Fractional distillation of 
petroleum, see 
Primary distillation 
Fractionating column, 183, 
198 (Primary distillation), 
220 (Fractional distillation), 
224 
Francium (Fr), 164, 168, 212 
Frasch process, 184 
Free fall, 19 
Free oscillation, see 
Natural oscillation 
Freezing, 30, 121 
Freezing point, 30 (Freezing), 
121 (Freezing) 
Freons, see 
Chlorofluorocarbons 359 
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Frequency (f), 16, 35, 97 
Beat, 42 (Beats) 
Fundamental, 43 (Modes of 

vibration) 
Natural, 17 (Natural 
oscillation) 

Friction, see Frictional force 
Coefficient of (Dynamic, 

Limiting), 7 

Frictional force, 7 
Dynamic/Sliding, 7 
Limiting/Static, 7 

Fronds, 339 (Filicales) 

Fructose, 204 (Sucrose), 

336 (Intestinal juice), 
337 (Monosaccharides) 
Fruit, 262 
False, 262 (I) 
Key, see Samara 
True, 262 (I) 
FSH, 334 
FSHRF/FSH releasing factor, 
334 (Regulating factors) 
Fuel(s), 208 
Fossil, 208 (Fuel), 235 
Fuel oil, 199 (Residue) 
Fulcrum, 14 (I, Moment), 
21 (Lever) 

Full scale deflection, 
77 (Ammeter) 

Full structural formula, see 
Displayed formula 

Full-wave rectification, 65 

Fume cupboard, 224 

Fumigation, 344 

Fuming sulphuric acid (H,S.0,), 

185 (Contact process) 

Functional group, 191 

Fundamental frequency, 

43 (Modes of vibration) 

Fundamental interval, 26 (Fixed 

point) 

Fungi (sing. fungus), 320, 

338 (Eumycophyta), 
339 (Note 3) 

Fungicide, 344 

Funicle, 257 (Ovaries) 

Funnel(s), 224 
Buchner, 220, 224 
Filter, 224 
Separating, 224 
Tap, 224 
Thistle, 224 

Fuse (electric), 67, 110 

Fusion (change of state), 121 

Molar enthalpy change of/ 
Molar heat of, 146 (Enthalpy 
change of reaction), 147 

Specific latent heat of, 31, 112, 
146 (Enthalpy change of 
reaction) 

Fusion, Nuclear, 85, 93, 
94 (Fusion reactor), 129 
Fusion (reproduction), 320 (Sexual 
reproduction) 
Fusion bomb, 93 
Fusion reactor, 94 


G 


Gadolinium (Gd), 165, 212 
Gain (oscilloscope control), 87 
Galactose, 336 (Intestinal juice), 
337 (Monosaccharides) 
Galena (PbS), 177 (Lead) 
Gall bladder, 297, 335 (CCK) 
Gallium (Ga), 112, 165, 176, 212 
Galvanizing, 159, 174 
Galvanometer, 77, 110 
Moving coil, 77 (Galvanometer) 
Gametes, 321, 322, 323 
Gametophyte, 321 (Alternation of 
generations) 
Gamma camera, 97 
Gamma radiography (y- 
radiography), 91 
Gamma rays (y-rays), 44, 85, 
86, 128 
Gammatron, 97 
Ganglia (sing. ganglion), 306 
Autonomic, 309 
Gas(es), 5, 33, 120 (Gaseous 
state), 198-199 
Coal, 179 (Carbon monoxide) 
Ideal, 33, 142 
Inert/Noble/Rare, 165, 189, 
208, 217 (Nitrogen) 
Laughing, see 
Dinitrogen oxide 
Liquefied petroleum (LPG), 
199 (Refinery gas) 
Natural, 192 (Methane, Ethane), 
198 (I), 208 
Producer, 179 (Carbon 
monoxide) 
Refinery, 199 
Water, 179 (Carbon monoxide) 
Gas chromatography, 
221 (Chromatography) 
Gas constant, 33, 113, 142 
Gas-cooled reactor, Advanced 
(AGR), 95 
Gaseous state, 5, 120 
Gas equation (General/Ideal), 
33, 142 
Gas jar, 224 
Gas laws, 33, 142-143 
Gas oil, see Diesel oil 
Gasoline, 199, 208 
Gas syringe, 224 
Gastric artery, 289 
Gastric glands, 296 (Digestive 
glands), 336 (Gastric juice) 
Gastric juice, 335 (Gastrin), 336 
Gastric lipase, 336 (Gastric juice) 
Gastric vein, 289 
Gastrin, 335 
Gastroesophageal sphincter, 
see Cardiac sphincter 
Gastrointestinal tract, see 
Alimentary canal 
Gastropoda/Gastropods, 
340 (Mollusca) 
Gastrotricha, 
340 (Aschelminthes) 


Gates, see Logic gates 
Gause’s principle, 
233 (Ecological niche) 
Gauze, 224 
Gay-Lussac’s law, 143 
Gear, 21 
Geiger counter, 89 
Geiger-Miller tube, 89 (Geiger 
counter) 
Gemmation, 320 
Gene(s), 325 
Sex-linked, 326 (Sex linkage) 
Genera, 338 (I) 
General formula, 
191 (Homologous series) 
General gas equation, see 
ideal gas equation 
Generative nucleus, 258 (Pollen) 
Generator, 78 
Steam, 94, 95 
Van de Graaff, 57 
Genetics, 324 (I) 
Genital organs/Genitalia, 316 (I) 
Genotypes, 325 
Geo-stationary orbit, 19 
Geotropism, 251 
Germanium (Ge), 112, 165, 
177, 212 
Germ cells, see Gametes 
Germicide, 344 
Germination, 260 
Gestation, see Pregnancy 
Gestation period, 
319 (Pregnancy) 
g-force, 18 (Acceleration due 
to gravity) 
Giant atomic lattice, 4, 137 
Giant ionic lattice, 137, 137 
Giant metallic lattice, 137 
Gibberellins, 251 (Growth 
hormones) 
Gill(s) (External, Internal); 273 
Gill bar/arch, 273 (Internal gills) 
Gill filaments, 273 (Internal gills) 
Gill lamellae (sing. lamella), 
273 (Internal gills) 
Gill rakers, 273 
Gill slits, 273 (Internal gills) 
Gingiva, see Gum 
Ginkgoales/Ginkgophyta, 
338 (Charts 1 and 2) 
Gizzard, 271 
Gland(s), 296-297 
Adrenal, 297, 335 
Bulbourethral, see 
Cowper’s glands 
Ceruminous, 314 (Outer ear) 
Cowper’s, 316 
Digestive, 296, 336 
Endocrine/Ductless, 297 
Exocrine, 296 
Gastric, 296 (Digestive glands), 
336 (Gastric juice) 
Intestinal, 296 (Digestive 
glands), 336 (Intestinal juice) 
Lachrymal, 313 
Lymph, see Lymph nodes 
Mammary, 378, 
335 (Oestrogen) 


Gland(s) (cont’d) 
Mucous, 295 (Mucous 
membrane) 
Parathyroid, 297, 335 (PTH) 
Parotid, 296 
Pineal, 297 
Pituitary, 297, 303, 
334 (Hormones), 335 
Prostate, 316 
Salivary, 296 (Digestive 
glands), 336 (Saliva) 
Sebaceous, 310 
Silk, 265 
Sublingual, 296 
Submandibular/ 
Submaxillary, 296 
Sudoriferous, see 
Sweat glands 
Suprarenal, see Adrenal glands 
Sweat, 311 
Tear, see Lachrymal glands 
Thymus, 293 
Thyroid, 297, 335 (TSH, 

Thyroxin, TCT) 

Uropygial, 267 (Uropygium) 
Glans, 316 
Gliding joints, 280 
Glomerular filtrate, 

300 (Glomerular filtration) 
Glomerular filtration, 300 
Glomerulus, 300, 301 
Glottis, 298 (Larynx) 

Glucagon, 334 
Glucose (C,H,20,), 197 (Alcoholic 

fermentation), 204, 209, 

328 (Carbohydrates), 329, 

332 (Anaerobic respiration), 

336 (Intestinal juice), 

337 (Monosaccharides), 344 
Glycerine/Glycerol, 

(biology), 328 (Fats), 336 (I, 

Pancreatic juice) 

(chemistry), see 

Propane-1,2,3-triol 
Glycine, 205 
Glycogen, 204 (Glucose), 329, 

336 (Saliva), 

337 (Polysaccharides) 
Glycolysis, 332 (Anaerobic 

respiration) 
Gnathostomata, 341 (Note 9) 
Gnetales/Gnetophyta, 

339 (Charts 1 and 2) 

Gold (Au), 112, 165, 173, 175, 212 
Gold leaf electroscope, 

56 (Electroscope) 

Golgi complex/apparatus/ 

body, 239 
Gonadal arteries, 289 
Gonadal veins, 289 
Gonads, 316 (I) 

Gordiacea, see Nematomorpha 
Graafian follicle, 317 (Ovarian 
follicles), 318 (Menstrual 
cycle) 
Gradient, 
(graphs), 98 
Potential, 58 (Potential) 
Temperature, 28 (Conductivity) 





Graduations, 344 
Grafting, 263 
Graham’s law of diffusion, 5, 143 
Grain, 262 
Granular layer, see 
Stratum granulosum 
Graphite, 95 (Thermal reactor), 
178, 212 
Graphs, 98-99 
Grassland (biome), 232 
Temperate, 232 
Gravimetric analysis, 222 
Gravitation, 18-19 
Newton’s law of, 18 
Gravitational constant (G), 18 
(Newton’s law of 
gravitation), 113 
Gravitational field, 104, 106 
Gravitational field lines, 106 
Gravitational force, 6, 104, 106 
Gravitational potential energy, 8 
Gravity, see Gravitational force 
Acceleration due to (g), 18, 113 
Centre of, 10 (Centre of mass) 
Specific, see Relative density 
Great saphenous veins, 289 
Greenhouse effect, 29, 210 
Green vitriol, see Iron(II) sulphate 
Grey matter, 303 (Neuroglia) 
Gristle, see Cartilage 
Ground state, 84 (I) 
Group 0 (elements), see 
Group VIII 
Group | (elements), 164, 168-169 
Group II (elements), 164, 170-171 
Group Ill (elements), 165, 176 
Group IV (elements), 165, 177-179 
Group V (elements), 165, 180-182 
Group VI (elements), 165, 183-185 
Group Vil (elements), 165, 
186-188 
Group VIII (elements), 165, 189 
Growing point (roots), 244, 245 
Growth hormone(s), 
Human, see STH 
(plants), 251 
Growth regulators, see 
Growth hormones (plants) 
Grub, 277 (Larva) 
Guanine, 324 
Guard cells, 249 
Gullet, see Oesophagus 
Gum, 284 (I) 
Gustatory area, Primary, 303 
Gustatory pore, 307 
Gustatory sensations, 
307 (Tongue) 
Gut, see Alimentary canal 
Guttation, 253 
Gymnospermae/Gymnosperms, 
339 (Charts 1 and 2) 
Gynaecium, 257 
Gypsum (CaSO,.2H.0), 
171 (Calcium sulphate) 





H 


Haber process, 180 

Habitat, 233 

Haematite (Fe,0,), 174 (Iron) 

Haemocoel, 265 

Haemoglobin, 286 (Red 
blood cells) 

Haemopoiesis, 286 (I) 

Hafnium (Hf), 165, 172, 212 

Hair(s), 268 (Cilia), 

275 (Vibrissae), 310-311, 
325, 326 
Olfactory, 307 (Nose) 
Pubic, 378 
Root, 244, 245 

Hair erector muscles, 310 

Hair follicles, 310 

Hair plexuses, 311 

Half cell, 158 

Half-life (T’2), 87, 129 

Half-wave rectification, 65 

Halides, 186 (I), 196 

Alkyl, see Halogenoalkanes 

Halogenoalkanes, 195, 215 (9) 

Halogens, 165, 186-188, 214 (I), 215 (9) 

Halophytes, 342 

Halothane, 195 

Haltéres, 275 

Hammer, see Malleus 

Haploid number, 322 (Meiosis), 
326 (I) 

Haptotropism, 251 

Hard (magnets), 70 

Hard palate, 307 

Hard water, 207 

Harmonics, 43 

Haustra (sing. haustrum), 294 

Haversian canals, 281 (Bone) 

H-bomb, see Hydrogen bomb 

Heart, 288, 290-291 

Heartwood, 242 (Xylem), 247 

Heat, see Heat energy 

Latent (L), 30, 37, 146 (Enthalpy 
change of reaction) 
Specific latent (I), 30 
Heat capacity (C), 30 
Specific (c), 30, 112 
Heat energy, 9, 28-33 
Radiant, 29 (Radiation) 
Heat-losing centre, 
333 (Homeostasis) 

Heat of combustion, see 
Enthalpy change of 
combustion 

Heat of formation, see 
Enthalpy change of 
formation 

Heat of fusion, 

Molar, see Molar 
enthalpy change of fusion 
Specific latent, 31, 112, 
146 (Enthalpy change of 
reaction) 

Heat of neutralization, see 
Enthalpy change of 
neutralization 361 


362 


Heat of reaction, see 
Enthalpy change of reaction 
Heat of solution, see 
Enthalpy change of solution 
Heat of vaporization 
Molar, see 
Molar enthalpy change of 
vaporization 
Specific latent, 31, 
146 (Enthalpy change of 
reaction) 
Heat-promoting centre, 
333 (Homeostasis) 
Heat transfer, 28-31 
Heavy (precipitate), 145 
Heavy fractions, 198 (Fraction) 
Heavy water, see 
Deuterium oxide 
Heliotropism, 
251 (Phototropism) 
Helium (He), 93, 128 (Alpha 
particle), 165, 189, 212 
Henlé, Loop of, 301 (Uriniferous 
tubules) 
Hepaticae, 339 (Chart 1) 
Hepatic artery, 289 
Hepatic duct(s), 
Common, 296 (Liver) 
Left, 296 
Right, 296 
Hepatic portal vein, 289, 
296 (Liver) 
Hepatic vein, 289 
Heptane (C7H,.), 798 
Herbaceous, 236 
Herbaceous perennials, 
236 (Perennials) 
Herbivores, 234 (Primary 
consumers) 
Hermaphrodite, 256 (I), 
277 (Spermatheca) 
Hertz (Hz), 16 (Frequency), 97 
Hess’s law, 147 
Heterogeneous, 123 
Heterogeneous catalyst, 161 
Heterografting, 263 (Grafting) 
Heterozygous, 325 
Hexagonal (basic crystal 
shape), 136 
Hexagonal (particle 
arrangement), 137 
Hexane (C,H,,4), 192 
Hexanedioic acid 
(COOH(CH,),COOH), 200 
HGH, see STH 
Hibernation, 237 (Dormancy) 
Higher animal, 264 (I) 
Hilum, 
(lungs), 299 (Bronchi) 
(seeds), 261 
Hinge joints, 280 
Hip girdle, see Pelvis (skeleton) 
Histones, 324 (Chromosomes) 
Hoffman voltameter, 67 
Holdfast, 338 (Phaeophyta) 
Holmium (Ho), 165, 212 
Homeostasis, 
303 (Hypothalamus), 333, 
334 (Hormones) 


Homiothermic; 

333 (Homeostasis) 
Homogeneous, 123 
Homogeneous catalyst, 161 
Homografting, 263 (Grafting) 
Homologous chromosomes, 

240 (Mitosis), 322, 323, 

324 (Chromosomes), 

326 (Law of segregation) 
Homologous series, 191, 194-195 
Homopolymer, 200 
Homozygous, 325 
Honey guides, 256 (Nectaries) 
Hooke’s law, 22 
Hormone(s), 183 (Endocrine 

glands), 334-335 

Adrenocorticotropic, see 

ACTH 

Antagonistic, 334 
' Anti-diuretic, see ADH 
Follicle-stimulating, see FSH 
Growth (plants), 251 
Human growth, see STH 
Interstitial cell stimulating, 
seeLH . 
Lactogenic, 334 
Luteinizing, see LH 
Parathyroid, see PTH 
Sex, 297 (Pineal gland), 
334 (Oestrogen, 
Progesterone, Androgens) 
Somatotropic, see STH 
Thyroid-stimulating, see TSH 
Tropic, 297 (Pituitary gland) 
Hornworts, see Anthocerotae 
Horny layer, see 

Stratum corneum 
Horsetails, see Equisetales 
Hosts, 342 (Parasites) 

Humans, 278-319, 341 (Eutheria) 
Human growth hormone, 

see STH 
Humerus, 279, 282 
Humidity, 206 
Humour (Aqueous, Vitreous), 372 
Hydathodes, 253 (Guttation) 
Hydrate, 155 
Hydrated, 155 (Hydrate) 
Hydrated iron(Ill) oxide, see Rust 
Hydration, 144 (Solvation) 
Hydraulic press, 21 
Hydrides, 149 (rule 5), 167 (I) 
Hydrocarbons, 191 
Hydrocarbon waxes, 199 
Hydrochloric acid (HCl), 143, 154, 

170, 171, 182, 187 (Hydrogen 

chloride), 216 (Carbon 

dioxide, Chlorine), 

217 (Hydrogen), 218 (Anions), 

222 (Flame test), 336 (Gastric 

juice) 

Hydrocortisone, 334 
Hydrogen (H/H,), 94 (Fusion 

reactor), 132, 133, 

134 (Hydrogen bond), 150, 

151, 152, 153, 155, 164, 167, 

170, 180 (Haber process), 211, 

212, 214-215, 217, 218 (Gases), 

328 


Hydrogenation, 193 

Hydrogen bomb (H-bomb), see 
Fusion bomb 

Hydrogen bond, 134 

Hydrogen bromide (HBr), 188 

Hydrogencarbonates, 150 (Acid), 
218 (Anions) 

Hydrogen chloride (HCI), 730, 
133, 143, 147, 148, 150, 162, 
181, 187, 192, 216 (Chlorine) 

Hydrogen iodide (Hl), 188 

Hydrogen peroxide (H20,), 166, 
217 (Oxygen) 

Hydrogen sulphide (H.S), 748, 
185 

Hydroiodic acid, 188 (Hydrogen 
iodide) 

Hydrolysis, 155 

Hydrometer, 25 

Hydrophilic, 202 (Detergent 
molecule) 

Hydrophobic, 202 (Detergent 
molecule) 

Hydrophytes, 342 

Hydrostatic skeleton, 265 (Body 
cavities) 

Hydrotropism, 251 

Hydroxides, 150, 151, 152, 155, 
167, 211 

Hydroxonium ion (H30*), 150 

Hydroxyl group (-Oh), 

191 (Homologous series), 
196 (I), 214 (d and 4) 

Hygroscopic, 206 

Hymen, 377 

Hypertonic, 327 

Hyphae (sing. hypha), 

338 (Eumycophyta) 

Hypogeal, 260 

Hypogynous flower, 257 

Hyponome, 272 (Siphon), 275 

Hypopharynx, 277 

Hypophysis, 
see Pituitary gland 

Hypothalamus, 303, 

333 (Homeostasis), 

334 (Hormones), 

335 (Oxytocin, ADH) 
Hypotonic, 327 


Ice, 120, 147, 167, 206 

Ice point, 26 (Fixed point) 

ICSH, see LH 

ideal gas, 33, 142 

ideal gas equation, 33, 142 
Ignition tube, 225 

lleum, 294, 295 (Small intestine) 
lliac arteries, Common, 289 
lliac veins, Common, 289 

lium, 279 (Pelvis) 


Image(s), 49 
Mosaic, 275 (Compound eyes) 
Real, 49 (Image) 
Thermal, 45 (Infra-red 
radiation) 
Virtual, 49 (Image) 
Imago, 277 
Immiscible, 145 (Miscible) 
Impacted, 285 (Wisdom teeth) 
impedance, 64 
Implantation, 319 (Fertilization) 
Impulse, 12, 97 
Impure, 123 (Pure) 
Impurity, 123 (Pure) 
Iincandescence, 
45 (Visible light) 
Incidence, 
Angle of (i), 46, 50 
Point of, 46, 50 
Incident ray, 46, 50 
Incident wave, 36 
Incident wavefronts, 36 (Incident 
wave) 
incisors, 284, 285 
Central, 285 
Lateral, 285 
Inclination, 73 
Inclined plane, 21 
Incomplete dominance 
(genes), 325 
incomplete metamorphosis, 277 
Incus, 314 (Middle ear) 
Indehiscent, 260 
Independent assortment, 
Law of, 326 
Independent variable, 98 
Index, 
Absolute refractive, 
37 (Refractive index), 50 
Refractive (n), 37, 50 (Snell’s 
law), 57 
(thermometer device), 
27 (Maximum and minimum 
thermometers) 
Index notation, 109 
Indicator, 152 
Universal, 152 
Indium (In), 165, 176, 212 
Induced fission, 92 
Induced magnetism, 
71 (Magnetization) 
Inductance, 64 
Induction, 
Electromagnetic, 78-79 
Electrostatic, 57 
Faraday’s law of, 78 
(magnetic), 
71 (Magnetization) 
Mutual, 78 
Inductor, 64 (Inductance), 110 
Inert, 344 
inert electrode, 66 (Electrode), 
156 
Inert gases, see Noble gases 
Inertia, 12 
Inferior (ovary), 257 (Epigynous 
flower) . 
Inferior articular processes, 278 
inferior mesenteric artery, 289 


inferior mesenteric vein, 289 
Inferior vena cava, 289, 290, 291 
Inflorescence, 259 
Infraclasses, 338 (I) 
Infra-red radiation (IR radiation), 
44,45 
Infrasonic waves, 
40 (Infrasound) 
Infrasound, 40 
infundibulum, 377 
ingestion, 294 (I) 
inhalant siphon, 265 (Mantle 
siphon), 272 (Siphon) 
Inhalation, see Inspiration 
Inheritance, 324 (I) 
Inhibiting factors, 
334 (Regulating factors) 
Inhibitor, 161 
Initial rate (of reaction), 160 
Inner ear, 314, 315 
Inner transition series, 164-165, 
173 (I) 
Inorganic chemistry, 166, 
167-189 
In phase (waves), 38 (Phase) 
Input (computers), 111 
insectivores, 342 
Insects, 266, 270, 271, 272, 274, 
275, 277, 340 (Insecta) 
Insoluble, 145 (Soluble) 
Inspiration, 299 
instantaneous rate 
(of reaction), 160 
Instantaneous speed, 
10 (Speed) 
Instantaneous velocity, 
10 (Velocity) 
insulator(s), 
(electricity), 56 
(heat), 28 
Insulin, 333 (Homeostasis), 334 
Integrated circuits, 111 (Logic 
gates) 
Integumentary system, 310 (I) 
Integuments, 258 (Ovule), 
261 (Testa) 
Intensity, 
Field, 106-107 
Luminous, 96 
Wave, 35 
Intercellular fluid, see 
Tissue fluid 
intercostal muscles, 
299 (Inspiration) 
Interference, Wave, 38-39 
Constructive, 39 
Destructive, 39 
Interference fringes, 38 (Young’s 
slits) 
Interference pattern, 38 (I), 39 
Intermolecular force, 7, 134 (van 
der Waals’ forces) 
Internal ear, see Inner ear 
Internal energy, 9 
Internal environment, 
333 (Homeostasis) 
Internal fertilization, 
276 (Viviparous) 
Internal gills, 273 


Internal jugular veins, 290 
Internal reflection, 51 (Total 
internal reflection) 
Internal resistance (r), 63 
Internal respiration, 209, 

254 (Compensation points), 

255 (Photosynthesis), 298 (I), 

332 
Internal urinary sphincter, 

300 (Bladder), 307 
International system units (SI 

units), 96-97 
interneurons, see 

Association neurons 
Internode, 244 
Internuncial neurons, see 

Association neurons 
Interphase, 241, 323 (Telophase) 
Interstitial cells, 376, 

335 (Androgens) 

Interstitial cell stimulating 
hormone, see LH 
Interstitial fluid, see Tissue fluid 
Interval(s), 
Fundamental, 26 (Fixed point) 
(sound), 42 (Musical scale) 
Intervillous spaces, 319 
Intestinal glands, 296 (Digestive 
glands), 336 (Intestinal juice) 
Intestinal juice, 

335 (Enterocrinin), 336 
Intestine (Large, Small), 294, 295 
Intrinsic eye muscles, 372 (Ciliary 

body) 

Inversely proportional, 344 

Inversion, Lateral, 47 (Plane 
mirror) 

invertase, see Sucrase 

Invertebral discs, 

278 (Vertebrae), 279 
Invertebral foramen, 279 
Invertebrates, 274 (Statocysts), 

275 (Setae), 

277 (Spermatheca, 

Metamorphosis), 341 (Note 8) 
Inverter (symbol for), 110 
Involuntary actions, 309 
Involuntary muscles, 282 (I), 

283 (Cardiac muscle, 

Visceral muscles) 
lodides, 186 (I), 188, 218 (Anions) 
lodine (I/I,), 137, 165, 186, 188, 

212, 215 (9) 

Tincture of, 788 

lon(s), 88 (lonization), 130 
Complex, 154 (Complex salt) 
Spectator, 141 
Hydroxonium/Oxonium, 

(H,0*), 150 
lon exchange, 207 
lonic bonds, 131 (I) 
lonic bonding, 131 
lonic compound, 4, 131 
lonic equation, 141 
lonic lattice, Giant, 137, 137 
lonic theory of electrolysis, 66, 

156 
lonization, 88, 130 
lonosphere, 45 
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Iridium (Ir), 112, 165, 173, 212 


_ Iris, 312 


lron (Fe), 112, 148, 157, 165, 173, 
174, 211, 212, 219 (Cations) 
Cast, 112, 174 (Iron) 
Pig, 174 (Iron) 
Wrought, 112, 174 (Iron) 
lron(tl) chloride (FeCl,), 
174 (Iron(Il) compounds) 
lron(Il) compounds, 174, 
219 (Cations) 
lron(il) sulphate (FeSO,), 147, 
148, 149, 218 (Nitrate anion) 
lron(Il) sulphide (FeS), 155, 184 (I) 
lron(il) tetraoxosulphate(VI), see 
lron(il) sulphate 
lron(tll) chloride (FeCls), 
122 (Synthesis), 155, 
174 (lron(tIl) compounds) 
lron(ill) compounds, 174, 
219 (Cations) 
lron(il) hydroxide (Fe(OH);), 155 
lron(Ill) oxide, see Haematite 
Hydrated, see Rust 
IR radiation, see Infra- 
red radiation 
Irritability, see Sensitivity 
ischium, 279 (Pelvis) 
islets of Langerhans, 
296 (Pancreas) 
Isoclinal line, 73 
lsogonal lines, 73 
lsomerism, 133 
Isomers, 133 (Isomerism), 190 
Structural, 190 (Isomers), 191 
isomorphic, 136 (isomorphism) 
lsomorphism, 136 
Isotonic, 327 
lsotope(s), 83, 127, 222 (Mass 
spectroscopy) 
Radioactive, see Radioisotope 
Isotopic mass, Relative, 138 
Isotopic ratio, 138 
Ivory, see Dentine 


J 


Jar(s) (apparatus), 
Gas, 224 
Leyden, 59 
Jejunum, 294, 295 (Small 
intestine) 
Jet engine, 13 
Joints, 280-281 
Ball-and-socket, 280 
Cartilaginous, 281 (Cartilage) 
Fixed, 280 (I) 
Gliding, 280 
Hinge, 280 
Pivot, 278 (Vertebrae) 
Plane/Sliding, see 
Gliding joints 


Joints (cont’d) 
Synovial, 281 (Synovial sac) 
Joule (J), 8 (1), 97 
Jugular veins (External, 
Internal), 290 
Juice, 
Digestive, 296 (Digestive 
glands), 336 
Gastric, 335 (Gastrin), 336 
Intestinal, 
335 (Enterocrinin), 336 
Pancreatic, 296 (Pancreas), 
334 (Secretin/PZ), 336 


K 


Karyokinesis, 240 (Cell division) 
Karyolymph, see Nucleoplasm 
K.E., see Kinetic energy 

Keel, 

(animals), 269 (Pectoralis 
muscles) 
(plants), 259 (Pea flower) 

Keepers (magnets), 71 (Self- 
demagnetization) 

Kelvins (K), 27 (Absolute 
temperature scale), 96, 
143 (Absolute temperature 
scale) 

Keratin, 267 (Feathers), 

310 (Stratum corneum, Hair 
follicles) 

Kernel, see Grain 

Kerosene, 199 

Ketones, 194, 275 (6) 

Key fruit, see Samara 

Kidneys, 289, 300 

Kilogram (kg), 96 

Kilojoule (kJ), 146, 331 

Kinematics, 10 (I) 

Kinetic energy (K.E.), 9 

Kinetic theory, 5, 123 

Kingdoms, 338 (I) 

Animal, 340-341 
Plant, 338-339 

Kinorhyncha, 

340 (Aschelminthes) 

Kirchhoff’s laws, 63 

Kneecap, see Patella 

Krill, 270 (Filter-feeding) 

Krypton (Kr), 165, 189, 212 

Krypton fluoride (KrF.), 

189 (Krypton) 
K-sheli, 83 (Electron shells) 


‘Le 


Labelling, 91 (Radioactive 

tracing), 129 
Labia (sing. labium), 

(humans), 317 (Vulva) 
(insects), 277 
Labour, 319 (Pregnancy) 
Labrum, 2717 
Lachrymal canals, 

313 (Lachrymal glands) 
Lachrymal ducts, 313 (Lachrymal 

glands) 

Lachrymal glands, 313 
Lactase, 336 (intestinal juice) 
Lacteals, 293 (L_ymph vessels), 

295 (Small intestine) . 
Lactic acid, 332 (Oxygen debt) 
Lactogenic hormone, 334 
Lactose, 336 (Intestinal juice), 

337 (Disaccharides) 
Lacunae (sing. lacuna), 

280 (Bone), 287 
Lamellae (sing. lamella), 

(bone), 281 

Gill, 273 (Internal gills) 

Middle, 241 (Cytokinesis) 
Lamellibranchiata/ 

Lamellibranchs, 

340 (Mollusca) 

Lamina (leaves), 248 (I) 
Land breeze, 28 
Langerhans, Islets of, 

296 (Pancreas) 
Lanthanides, 172 (Lanthanum) 
Lanthanum (La), 92, 164, 172, 212 
Lanthanum oxide (La,O,), 

172 (Lanthanum) 

Large intestine, 294,295 -__ 
Larva (pl. larvae), 277 
Larynx, 275 (Syrinx), 298 
Latent heat (L), 30, 37, 
146 (Enthalpy change of 
reaction) 
Specific (I), 30 
Latent heat of fusion, Specific, 

31, 112, 146 (Enthalpy chang 

of reaction) ‘ 
Latent heat of vaporization, 

Specific, 31, 146 (Enthalpy 

change of reaction) 
Lateral, 244 
Lateral bud, see Axillary bud 
Lateral incisors, 285 
Lateral inversion, 47 (Plane 

mirror) 
Lateral lines, 274 
Lateral roots, 245 (Tap root) 
Late wood, see Summer wood 
Latex, 201, 344 
Lattice(s), Crystal, 136 (I), 137 
Giant atomic, 4, 137 
Giantionic, 137, 137 
Giant metallic, 137 
Molecular, 137 
Laughing gas, see 
Dinitrogen oxide 


Law(s), 
Avogadro’s, 143 
Boyle’s, 33, 142 
Charles’, 33, 142 
(chemistry, basic), 125 
Dalton’s, 143 
Faraday’s (electrolysis), 67, 157 
Faraday’s (induction), 78 
Gas, 33, 142-143 
Gay-Lussac’s, 143 
Graham’s, 5, 143 
Hess’s, 147 
Hooke’s, 22 
Kirchhoff’s, 63 
Lenz’s, 78 
Mendel’s, 326 
Newton’s, 12-13, 18 
Ohm’s, 62 
Pressure, 33, 142 
Snell’s, 50 
Third gas, see Pressure law 
Law of conservation of energy, 
8 (I), 147 
Law of conservation of linear 
momentum, 13 
Law of conservation of 
mass, 125 
Law of constant 
composition, 125 
Law of diffusion, 
Graham’s, 5, 143 
Law of electrostatics, First, 56 
Law of gravitation, Newton’s, 18 
Law of independent. 
assortment, 326 
Law of induction, Faraday’s, 78 
Law of magnetism, First, 
70 (Pole) 
Law of multiple proportions, 125 
Law of partial pressures, 
Dalton’s, 143 
Law of segregation, 326 
Laws of electrolysis, 
Faraday’s, 67, 157 
Laws of motion, Newton’s, 12-13 
Laws of reflection of light, 46 
Laws of refraction of light, 50 
Lawrencium (Lr, also Lw), 165 
Layer(s) (plant tissue), 
Abscission, 249 
Palisade, 248 
Piliferous, 244, 245 
Spongy, 248 
Layer(s) (skin), 
Cornified, see Stratum corneum 
Granular, see Stratum granulosum 
Horny, see Stratum corneum 
Malpighian, see Stratum basale 
Subcutaneous, 310, 377 
Lead (Pb), 112, 165, 177, 178, 210, 
211, 212, 219 (Flame tests, 
Cations), 222 (Gravimetric 
analysis) 
Lead(Il) compounds, 177 (Lead), 
219 (Cations) 
Lead(Il) ethanoate, 218 (Sulphide 
anion) 
Lead(Il) hydroxide (Pb(OH),), 
167 (Hydroxide) 





Leadi(Il) iodide (Pbl.), 155 

Leadi(II) nitrate (Pb(NO3).), 155 

Lead(Il) oxide (PbO), 177 (Lead), 
178 


Lead(Il) sulphide, see Galena 
Lead(IlV) compounds, 177 (Lead) 
Lead(IV) oxide (PbO,), 177 (Lead) 
Lead-acid accumulator, 69, 
150, 160 

Leaflets, 248 (I), 250 
Leaf scar, 249 (Abscission layer) 
Leaf trace, 249 
Leaves, 248-250 

Compound, 248 (I), 250 

Scale, 262 (Bulb) 

Simple, 248 (I) 
Le Chatelier’s principle, 163 
Lecithin, 337 (Vitamin B complex) 
Leclanché cell, 69 
LED, see Light emitting diode 
Left-hand rule, Fleming’s, 76 
Legume, 262 
Leguminous plants, 

235 (Nitrogen fixation) 

Length (I), 96 

Focal (I), 48, 52 

(measurement of), 100 
Lens(es), 52 (I) 

Achromatic, 

54 (Spectrometer), 

55 (Chromatic aberration) 
Concave, 52, 53 
Converging, 52 
Convex, 52, 53 
Diverging, 53 
(eye), 312 
Eyepiece, 54, 55 
Objective, 54, 55 
Projection, 54 

Lens assembly (camera), 54 
Lens formula, see Mirror formula 
Lenticels, 247 
Lenz’s law, 78 
Leslie’s cube, 29 
Leucocytes, see 
White blood cells 
Leucoplasts, 240 (Plastids) 
Lever, 21 
Leyden jar, 59 
LH, 334 
LHRF/LH releasing factor, 
334 (Regulating factors) 
Lichens, 342 (Symbionts) 
Lieberkiihn, Crypts of, see 
Intestinal glands 
Liebig condenser, 220, 223 
Life cycle, 236 (I) 
Ligament(s), 280 
Ovarian, 317 
Periodontal, 284 (Root) 
Suspensory, 312 (Lens) 
Light, 46-55 
Laws of reflection of, 46 
Laws of refraction of, 50 
Principle of reversibility of, 

49, 50 
Reflection of, 46-49 
(speed of), 113 
Visible, 45, 54-55 (Colour) 


Light dependent resistor (symbol 

for), 110 
Light emitting diode (LED), 65, 110 
Light fractions (petroleum), 

198 (Fraction) 

Lightning, 57 
Lightning conductor, 

57 (Lightning) 

Lignin, 243 (Vessels) 
Lignite, 179 (Coal) 
Limestone, 171 (Calcium 

carbonate), 174 
Limewater, 171 (Calcium 

hydroxide), 218 (Gases) 
Limit, 

Elastic, 22 
Proportional, see 

Limit of proportionality 
Limiting friction, Coefficient of, 

7 (Coefficient of friction) 
Limiting frictional force, 7 
Limit of proportionality, 

22 (Hooke’s law), 23 
Linear (molecule), 133 
Linear acceleration, 14 (I) 
Linear equilibrium, 15 
Linear expansivity (a), 32, 112 
Linear magnification, 49 
Linear momentum, Law of 

conservation of, 13 
Linear motion, 10 
Lines of flux/force, see 

Field lines 
Lingual, 307 
Lingual tonsil, 293 (Tonsils) 
Lipase(s), 336 (I) 

Gastric, 336 (Gastric juice) 
Pancreatic, 336 (Pancreatic 
juice) 
Lipids, 205 
Lipped flower, 259 
Liquefaction, 121 
Liquefied petroleum gas (LPG), 

199 (Refinery gas) 
Liquid-in-glass thermometer, 26 
Liquid state, 5, 120 
Liquid air, Fractional distillation 

of, 180 (Nitrogen), 

183 (Oxygen), 189 (I), 208 (1) 
Liquid nitrogen, 180 (Nitrogen) 
Lithium (Li), 164, 168, 180, 212, 

219 (Flame tests) 

Lithium chloride (LiC)), 
168 (Lithium) 
Lithium hydroxide (LIOH), 168 
Lithium nitride (Li,N), 180 
Lithophytes, 342 
Litmus, 152 
Litre (I), 101 
Littoral, 342 
Liver, 289, 294 (I), 296 
Liverworts, see Hepaticae 
Load, 20 (1) 
Useless, 20 
Lobe(s), 
Anterior (pituitary gland), 297 
(leaves), 250 (Lobed) 
(liver), 296, 297 
Posterior (pituitary gland), 207 365 
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Lobed (leaves), 250 

Local action, 68 

Locomotion, 268 (I) 

Locus, 325 

Logic gates, 111 

Lone pair (electrons), 133 

Long-day plants, 
251 (Photoperiodism) 

Longitudinal waves, 35 

Long periods (element groups), 
164 (Period) 

Loop of Henlé, 301 (Uriniferous 
tubules) 

Loudness, 42 

Loudspeaker, 76, 110 

Lower animal, 264 (I) 

Lower fixed point, 26 (Fixed 
point) 

Lower motor neuron, 308, 309 

L-shell, 83 (Electron shells) 

Lubricating oil, 199 

Lumbar, 279 (Lumbar vertebrae) 

Lumbar vertebrae, 279 

Luminous flame, 208 

Luminous intensity, 96 

Lunar eclipse, 47 (Eclipse) 

Lung books, 272 

Lungs, 289, 298 

Luteinizing hormone/ 
Luteotropin, see LH 

Lutetium (Lu), 165, 212 

Lycopodiales/Lycophyta, 
339 (Charts 1 and 2) 

Lymph, 293 

Lymphatic(s), 293 (Lymph 
vessels) 

Lymphatic duct, Right, 292, 
293 (Lymph vessels) 

Lymphatic organs, see 
Lymphoid organs 

Lymphatic system, 293 

Lymphatic tissue, see 
Lymphoid tissue 

Lymphatic vessels, see 
Lymph vessels 

Lymph capillaries, 293 (Lymph 
vessels) 

Lymph glands, see Lymph nodes 

Lymph nodes, 293 

Lymphocytes, 286 (White blood 
cells), 293 (Lymphoid organs) 

Lymphoid organs, 293 

Lymphoid tissue, 293 (Lymphoid 
organs) 

Lymph vessels, 293 

Lysosomes, 239 


Machine(s), 20-21 
Perfect, 20 
Macrohabitat, 232 (Biomes) 


Macromolecule, 125 

Macrophages (Fixed, 
Wandering), 286 (White 
blood cells) 

Macula (pl. maculae), 

315 (Saccule) 

Macula lutea, 313 

Maggot, 277 (Larva) 

Magnesium (Mg), 112, 130, 149, 
164, 170, 207, 211, 213, 
219 (Cations) 

Magnesium carbonate 
(MgCQ>3), 154 

Magnesium chloride (MgCl), 
154, 170 (Magnesium), 177 

Magnesium hydroxide 
(Mg(OH),), 157, 171 

Magnesium oxide (MgO), 149, 
170, 171 

Magnesium stearate, 207 

Magnesium sulphate 
(MgSO.,), 171 

Magnet(s), 70-79 

Molecular, see Dipoles 
Permanent, 70 (Hard) 
Temporary, 70 (Soft) 

Magnetic, 70 (I) 

Magnetic axis, 70 

Magnetic energy, 9 

Magnetic equator, 73 

Magnetic fields, 72-73, 105, 107 

Magnetic field lines/flux lines, 
72, 107 

Magnetic flux density, 72 

Magnetic force, 6, 105, 107 

Magnetic meridian, 73 

Magnetic north, 73 

Magnetic south, 73 

Magnetism, 70-79 

Domain theory of, 71 

First law of, 70 (Pole) 
Induced, 71 (Magnetization) 
Residual, 70 (Soft) 

Magnetization, 70 (I), 71 

Magnetron, 45 

Magnification, 

Angular, 55 (Visual angle) 
Linear, 49 

Magnifying glass, see 
Simple microscope 

Magnifying power, see 
Angular magnification 

Magnitude, Order of, 109 

Malachite (CuCO,.Cu(OH),), 
175 (Copper) 

Male nuclei, 258 (I, Pollen), 
321 (Gametes), 323 (Gamete 
production, male) 

Malleability, 345 (Malleable) 

Malleable, 345 

Malleus, 314 (Middle ear) 

Malpighian corpuscles, see 
Renal corpuscles 

Malpighian layer, see 
Stratum basale 

Malpighian tubules, 

265 (Haemocoel), 273 

Maltase, 336 (Intestinal juice) 

Maltese cross tube, 80 


Maltose, 336 (Pancreatic juice) 
Mammalia/Mammals, 
269 (Pectoralis muscles), 
271 (Rumen), 275 (Vibrissae), 
341 (Chordata, Note 11) 
Placental, see Eutheria 
Mammary glands, 378, 
335 (Oestrogen) 
Mandible(s), 
(arthropods), 277 
(birds), 267 
(humans), 278, 279 
Manganese (Mn), 165, 172, 213 
Manganese(IV) chloride 
(MnCl.,), 276 
Manganese(IV) oxide (MnO.,), 
216 (Chlorine), 217 (Oxygen) 
Man-made polymers, see 
Synthetic polymers 
Manometer, 25 
Mantle, 
(birds), 267 
(snails, etc), 265 (Mantle cavity) 
Mantle cavity, 265 
Mantle siphon, 265 
Maquis, 232 
Marble, 171 (Calcium carbonate), 
216 (Carbon dioxide) 
Margin (leaves), 248, 250 
Marrow, Bone, 281 
Red, 281 (Bone marrow) 
Yellow, 281 (Bone marrow) 
Marrow cavities, see 
Medullary cavities 
Marsupialia/Marsupials, see 
Metatheria 
Marsupium, 341 (Metatheria) 
Mass (m), 12, 18 (Weight), 96 
Atomic, see 
Relative atomic mass 
Centre of, 10 
Critical, 93 
Law of conservation of, 125 
Molar, 139 
Relative atomic, 83, 138, 164- 
165, 212-213 
Relative formula, see 
Relative molecular mass 
Relative isotopic, 138 
Relative molecular, 138 
Subcritical, 93 (Critical mass) 
Mass concentration, 
139 (Concentration) 


~ Mass defect, 84 


Mass-energy formula, 
Einstein’s, 84 
Mass number (A), 82, 127 
Mass spectrometer, 138 (I), 
222 (Mass spectroscopy) 
Mass spectroscopy, 222 
Mastigophora, 340 (Protozoa) 
Matrix, 280 (Connective tissue) 
Maxillae (sing. maxilla), 
(arthropods), 277 
(humans), 278 (Cranium) 
Maximum thermometer, 27 
Maxwell’s screw rule, 74 
Mean, 345 
Mean position, 16, 34 


Measurements, 100-101 
Measuring cylinder, 100, 224 
Mechanical advantage (M.A.), 20 
Mechanical energy, 9 
Mechanical waves, 34 (I) 
Median/Medial, 269 

Median fins, 269 

Medium (pl. media), 345 
Medulla, 

(adrenal glands), 297 

(brain), 303 

(kidneys), 300 

(plants), see Pith 

Renal, see Medulla (kidneys) 
Medulla oblongata, see 

Medulla (brain) 
Medullary cavities, 281 (Bone 
marrow) 
Medullary pyramids, see 
Renal pyramids 
Megaelectron volt (MeV), 85 
Meiosis, 322 
Meiotic division, 

First, 322 

Second, 322 (Meiosis), 323 
Meissner’s corpuscles, 310 
Melanin, 311 
Melting, 30, 120 
Melting point, 30 (Melting), 37, 

120 (Melting), 212, 213 
Melting point test, 221 
Membrane(s), 

Cell, 238, 239, 327 

Mucous, 295 

Nuclear, 238 (Nucleus) 

Plasma, see Cell membrane 

Pleural, see Pleura 

Synovial, 281 (Synovial sac) 

Tectorial, 374, 315 (Cochlear 

duct) 

Tympanic, see Eardrum 
Membranous labyrinth, 

314 (Inner ear) 
Memory (computers), 111 
Random access (RAM), 
111 (Memory) 
Read only (ROM), 111 (Memory) 
Menaquinone, see Vitamin K 
Mendelevium (Md), 165 
Mendel’s laws, 326 
Meninges (sing. meninx), 303 
Meniscus, 345 
Concave, 53 (Concave lens) 
Convex, 53 (Convex lens) 
Menopause, 318 (Menstrual 
cycle) 

Menstrual cycle, 318, 335 (FSH, 
Oestrogen) 

Menstruation, 318 (Menstrual 
cycle) 

Mercury (Hg), 112, 113, 165, 173, 
210, 213 

Meridian, Magnetic, 73 

Meristem, 244 

Apical, 244 (Meristem) 
Merostomata, 340 (Arthropoda) 
Mesencephalon, see Midbrain 
Mesenteric arteries (Inferior, 

Superior), 289 


Mesenteric veins (Inferior, 
Superior), 289 
Mesenteries, 294 (Alimentary 
canal) 
Mesocarp, 262 (I) 


- Mesophyll, 248 (Spongy layer) 


Mesophytes, 342 
Mesozoa, 341 (Note 2) 
Messenger RNA, 
239 (Ribosomes) 
Metabolic rate, 330 
Basal, 330 (Metabolic rate) 
Metabolism, 330 
Metacarpals, 279 
Metacarpus, 279 (Metacarpals) 
Metal(s), 165 
Alkali, 165, 168-169 
Alkaline-earth, 165, 170-171 
Transition, 165, 172-175 
Metal extraction, 67, 157 
Metallic bonding, 134 
Metallic lattice, Giant, 137 
Metalloids, 165 (Metal) 
Metameres, 264 (Segmentation) 
Metameric segmentation/ 
Metamerism, 
264 (Segmentation) 
Metamorphosis (Complete, 
Incomplete), 277 
Metaphase, 
(meiosis), 322 
(mitosis), 241 
Metatarsals, 279 
Metatarsus, 279 (Metatarsals) 
Metatheria, 341 (Prototheria) 
Metazoa, 340 
Meter(s) (electric), 77 
Moving iron, 77 
Methanal (HCHO), 194 
Methane (CH,), 125, 133, 149, 
190, 191, 192, 198 (I), 208, 
214 (1) 
Methanoic acid (HCOOH), 750, 
195, 215 (7) 
Methanol (CH,OH), 197, 196, 
214 (4) 
Methoxymethane 
(CH3;0CHS), 197 
Methyl amine (CH3NH.), 195 
Methyl group (-CHs3), 275 (8) 
Methyl methacrylate, 207 
Methyl orange, 152 
Metre (m), 96 
Newton (Nm), 14 (Moment) 
Metre bridge, 63 (Wheatstone 
bridge) 
Micelle, 202, 203 
Microchip, 111 (Computers) 
Microhabitat, 233 (Habitat) 
Micrometer screw gauge, 101 
Microphone (symbol for), 110 
Micropyle, 258 (Ovules), 267 
Microscope, 54 
Compound, 54 (Microscope) 
Simple, 54 (Microscope) 
Microspora, 340 (Protozoa) 
Microtubules, 240 (Centrioles) 
Microwave ovens, 
45 (Microwaves) 





Microwaves, 44, 45 
Microwelds, 7 
Micturition, see Urination 
Midbrain, 302, 303 
Middle ear, 314 
Middle lamella, 241 (Cytokinesis) 
Midrib (leaves), 248 (Veins) 
Midriff, see Diaphragm 
Migration, 237 
Milk teeth, see Deciduous teeth 
Milky (precipitate), 145 
Milliammeter (Symbol for), 110 
Mimic, 237 (Mimicry) 
Mimicry, 237 
Minerals, 204 (I), 328 (I), 329 
Mineral acid, 150 
Minimum thermometer, 27 
Mirror‘(s), 
Concave/Converging, 48 
Convex, 48 
Curved, 48 (I) 
Diverging, see Convex mirror 
Plane, 47 
Mirror formula, 49 
Miscible, 145 
Mist, 145 
Mitochondria, 239, 240, 
332 (Aerobic respiration) 
Mitosis, 240 
Mitral valve, 291 (Atrioventricular 
valves) 
Mixed nerves, 306 (Nerves) 
Mixing, Colour, 55 
Additive, 55 (Colour mixing) 
Subtractive, 55 (Colour mixing) 
Mixture, 4(Compound), 122 
Model, 237 (Mimicry) 
Moderator, 95 (Thermal reactor) 
Modes of vibration, 43 
Molars, 270 (Carnassial 
teeth), 285 
Molar enthalpy change of fusion/ 
Molar heat of fusion, 
146 (Enthalpy change of 
reaction), 147 
Molar enthalpy change of 
vaporization/Molar heat of 
vaporization, 146 (Enthalpy 
change of reaction), 147 
Molarity, 139 
Molar mass, 139 
Molar solution, 139 
Molar volume, 139 
Mole (mol), 96, 139 
Molecular formula, 140 
Molecular lattice, 137 
Molecular magnets, see Dipoles 
Molecular mass, Relative, 138 
Molecular potential energy, 8 
Molecular properties, 22-23 
Molecular weight, see 
Relative molecular mass 
Molecule(s), 4, 5, 124, 125, 132- 
134, 138 (Relative molecular 
mass), 140, 142 
Detergent, 202, 203 
Non-polar, 133 (Polar 
molecule) 
Polar, 133 367 
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Mollusca/Molluscs, 

265 (Haemocoel, Mantle 

Cavity), 270 (Radula), 

273 (Internal gills, Nephridia), 

275 (Tentacles), 340 
Molten, 120 
Molybdenum (Mo), 112, 165, 

172, 213 
Moment(s), 14 

Principle of, 15 (Rotational 
equilibrium) 
Resultant, 14 (Moment) 
Momentum, 12, 97 
Law of conservation of 

(linear), 13 
Monatomic, 124 
Monera, 339 (Note 1) 
Monobasic, 153 
Monoclinic (basic crystal 

shape), 136 
Monoclinic sulphur, 136, 184, 213 
Monocotyledonae/ 

Monocotyledons, 

261 (Cotyledon), 339 (Chart 1) 
Monocytes, 286 (White blood 

cells) 

Monoecious, 256 (I) 
Monogenoidea/Monogenea, 

340 (Platyhelminthes), 

341 (Note 3) 

Monoisotopic, 83 (Isotopes) 
Monomers, 125, 200, 

204 (Starch), 205 
Monoplacophora, 340 (Mollusca) 
Monosaccharides, 

204 (Carbohydrates, 

Glucose), 337 
Monotremata, 341 (Prototheria) 
Monotropy, 136 
Monovalent, 

(covalency), 133 
(electrovalency), 1317 
Morula, 321 (Embryo) 
Mosaic image, 275 (Compound 
eye) 
Mosses, 327, 339 (Musci) 
Mother liquor, 135 
Motion, 10-11 
Brownian, 5, 123 
Circular, 17 
Equations of uniformly 
accelerated, 11 
Linear, 10 
Newton’s laws of, 12-13 
Periodic, 16-17 
Rectilinear, see Linear motion 
Rotational, 10 (I), 11 
Translational, 10 (I) 
Uniform circular, 17 (Circular 
motion) 
Wave, 34 (I) 
Motor (electric), 76 
Motor areas, 302 (Brain), 303 
Motor effect, 76 
Motor end-plate, 283 
Motor nerves, 306 (Nerves) 
Motor neuron(s), 305, 
308 (Efferent system) 
Lower, 308, 309 





Motor neuron(s) (cont’d) 
Postganglionic, 309 
Preganglionic, 309 
Upper, 308, 309 

Motor root, see Ventral root 

Motor rule, see Fleming’s left- 

hand rule 

Moulds,Slime, see 

Myxomycophyta 
Moving coil galvanometer, 

77 (Galvanometer) 

Moving iron meter, 77 

mRNA, see Messenger RNA 

M-shell, 83 (Electron shells) 

Mucosa, see Mucous membrane 

Mucous glands, 295 (Mucous 

membrane) 

Mucous membrane, 295 

Mucus, 295 (Mucous membrane) 

Multicellular, 238 (I) 

Multimeter, 77 

Multiple(s) (units), 96 

Multiple proportions, 

Law of, 125 
Multiplier, 77 (Voltmeter) 

Electron, 90 

Mumetal, 73 

Musci, 339 (Chart 1) 

Muscle(s), 282-283 
Cardiac, 283 
Extrinsic eye, 313 
Hair erector, 310 
intercostal, 299 (Inspiration) 
intrinsic eye, 312 (Ciliary body) 
Involuntary, 282 (I), 

283 (Cardiac muscle, 

Visceral muscles) 

Oblique, 313 

Pectoralis, 269 

Rectus, 373 

Skeletal, 283, 308 

Visceral, 283 

Voluntary, 282 (I), 283 (Skeletal 
muscles) 

Muscle fibres, 282 (Striated 

muscle) 

Muscle spindle, 283 

Muscle (tissue), 282 
Cardiac, 283 
Smooth, 283 
Striated/Striped, 282 
Visceral, see Smooth muscle 

Musical scale, 42 (Musical 

sounds) 

Musical sounds, 42-43 

Mutual induction, 78 

M-value, 139 (Molarity) 

Mycelium, 320, 

338 (Eumycophyta) 
Myelin, 303 (Neuroglia), 

304 (Nerve fibres) 
Myofibrils, see Fibrils 
Myofilaments, see 

Filaments (muscles) 
Myosin, 205, 282 (Striated 

muscle) 

Myriapoda/Myriapods, 

264 (Segmentation), 

274 (Antennae), 341 (Note 5) 


Myxini, 341 (Chordata, Notes 7, 9 
and 10) 

Myxomycophyta/Myxomycota, 
338 


N 


NAND (logic operation), 110, 111 

Naptha, 199 (Chemical 
feedstocks) 

Nasal, 307 

Nasal cavities, 294 (Pharynx), 

307 (Nose) 

Nasolachrymal duct, 

313 (Lachrymal glands) 
Natural gas, 192 (Methane, 

Ethane), 198 (I), 208 
Natural frequency, 17 (Natural 

oscillation) 

Natural oscillation, 17 

Natural period, 17 (Natural 
oscillation) 

Natural polymers, 201, 

204 (Starch), 205 (Proteins) 
Natural resins, 345 (Resins) 
Natural selection, 237 (Adaptive 

radiation) 

Neck (bones of), 279 

Neck (teeth), 284 

Nectar, 256 (Nectaries) 
Nectaries, 256 

Needles, 339 (Coniferales) 
Negative feedback, 

333 (Homeostasis). 
Negative terminal, 159 (Cell) 
Negative tropism, 251 (I) 
Nekton, 342 (Pelagic) 
Nematocyst, 270 (Cnidoblasts) 
Nematoda, 340 (Aschelminthes) 
Nematomorpha, 

340 (Aschelminthes) 
Nemertea, 340 
Neodymium (Nd), 164, 213 
Neon (Ne), 165, 189, 213 
Nephridia, 265 (Coelom), 273 
Nephridiopore, 265, 

273 (Nephridia) 

Nephrons, 300 
Neptunium (Np), 164, 213 
Nerve(s), 306 
Cranial, 302 (Brain) 
Mixed, 306 (Nerves) 
Motor, 306 (Nerves) 
Optic, 312, 313 
Sensory, 306 (Nerves) 
Spinal, 302 (Spinal cord) 
Nerve fibres, 304 
Nervous system, 302-309 
Autonomic, 
303 (Hypothalamus), 308 
Central, 302-303 
Peripheral, 304 (1), 306 (I) 


| 


Neural canal, 278 (Vertebrae) 
Neural pathways, 306, 308, 309 
Neural spine, see 
Spinous process 
Neuroglia, 303 
Neurohypophysis, see 
Posterior lobe 
Neuron(s), 304 (1) 
Afferent, see Sensory neurons 
Association/Connecting, 305 
Efferent, see Motor neurons 
First order sensory, 306, 309 
Internuncial, see 
Association neurons 
Lower motor, 308, 309 
Motor, 305, 308 (Efferent 
system) 
Postganglionic motor, 309 
Preganglionic motor, 309 
Relay, see Association 
neurons 
Second order sensory, 306 
Sensory, 305, 306 (Afferent 
system) 
Third order sensory, 306 
Upper motor, 308, 309 
Neurotransmitters, 
305 (Synapses), 337 (Vitamin 
B complex) 
Neutral (substance), 151 
Neutral (wires), 67 
Neutral equilibrium, 15 
Neutralization, 151 
Enthalpy change of/ 
Heat of, 146 
Neutral point, 72 
Neutrino, 87 (Beta decay) 
Neutrons, 82, 113, 126 
Fission, 92 (Nuclear fission) 
Neutron number (N), 82 
Newton (N), 6, 97 
Newton metre (Nm), 14 (Moment) 
Newton’s law of gravitation, 18 
Newton’s laws of motion, 12-13 
Niacin, 337 (Vitamin B complex) 
Niche, Ecological, 233 
Nickel (Ni), 112, 165, 173, 213 
Nickel-cadmium cell, 
69 (Alkaline cell) 
Nickel sulphide (NiS), 173 (Nickel) 
Nicotinamide/Nicotinic acid, see 
Niacin 
Niobium (Nb), 165, 172, 213 
Nitrates/Nitrate(V) compounds, 
154, 182, 208, 209, 
210 (Eutrophication), 211, 
218 (Anions), 235 
Nitrate bacteria, 235 
Nitric acid (HNO,), 178, 
181 (Nitrogen dioxide), 182, 
210 (Acid rain), 218 (Anions) 
Nitric(V) acid, see Nitric acid 
Nitric oxide, see 
Nitrogen monoxide 
Nitrides, 180 (Nitrogen) 
Nitrifying bacteria, 235 
Nitrites/Nitrate(IIl) compounds, 
182, 210 (Eutrophication), 
211,235 


Nitrogen (N/N.2), 132, 165, 180, 
183, 208, 209 (Nitrogen 
cycle), 210 (Acid rain), 213, 
217, 235, 328 

Liquid, 180 (Nitrogen) 

Nitrogen base, 324 

Nitrogen cycle, 209, 235 

Nitrogen dioxide (NOJ), 125, 162, 
178, 181, 182, 210, 211 

Nitrogen fixation, 235 

Nitrogen-fixing bacteria, 209, 
235 (Nitrogen fixation) 

Nitrogen monoxide (NO), 162, 
181, 182 

Nitrogenous, 301 (Urea) 

Nitrogen oxide, see 
Nitrogen monoxide 

Nitrous acid (HNO.,,), 

181 (Nitrogen dioxide) 

Nitrous oxide, see 
Dinitrogen oxide 

Nobelium (No), 165 

Noble gases, 165, 189, 208, 
217 (Nitrogen) 

Nocturnal, 342 

Nodal lines, 38, 39 (Nodes) 

Nodal points, see Nodes 

Node(s), 

Lymph, 293 

(plants), 244 

(waves), 39, 43 (Stationary 
waves) 

Node of Ranvier, 304 

Nodules, Root, 235 (Nitrogen 
fixation) 

Noise, 42 (I) 

Nonane (CgH2_), 198 

Non-aqueous solutions, 144 

Non-aqueous solvents, 144 

Non-biodegradable detergents, 
203 (Biodegradable 
detergents) 

Non-electrolyte, 66, 156 

Non-linear (molecule), see 
V-shaped 

Non-luminous flame, 208 

Non-metal, 165 (Metal) 

Non-polar molecule, 133 (Polar 
molecule) 

Non-polar solvent, 144 

NOR (logic operation), 110, 111 

Noradrenalin/Norepinephrin, 334 

Normal, 46, 50 

Normal contact force, 

7 (Coefficient of friction) 

Normal salt, 153 

North/North seeking pole, 

70 (Pole) 

Nose, 307 

NOT (logic operation), 110, 111 

Notation (numbers), 109 

Index, 109 

Notes, 42 (Musical sounds) 

Notochord, 341 (Chordata) 

Npn transistor, 65, 110 

N-shell, 83 (Electron shells) 

N-type (semiconductor), 

65 (Doping) 

Nuclear energy, 84-85 


Nuclear equation(s), 92, 93, 128 

Nuclear fission, 85, 92-93, 
94-95, 129 

Nuclear force, 7, 84 

Nuclear fusion, 85, 93, 94 (Fusion 
reactor), 129 

Nuclear magnetic resonance 
(n.m.r.) spectroscopy, 222 

Nuclear magnetic resonance 
(n.m.r.) spectrum, 222 

Nuclear membrane, 

238 (Nucleus) 

Nuclear potential energy, 9 
Nuclear power stations, 94 (I) 
Nuclear reactions, 85, 92 (I), 

94-95, 129 

Nuclear reactor, 94 (I) 
Nuclei, see Nucleus 
Nucleic acids, 324 
Nucleoli, 239, 240 
Nucleon(s), 82 (Nucleus) 

Binding energy per, 84 
Nucleoplasm, 238 (Nucleus) 
Nucleotides, 324 (Nucleic acids) 
Nucleus (pl. nuclei) (atoms), 82, 

84-85, 92-95, 126, 

127 (Atomic number), 128-129 

Nucleus (cells), 238, 240 (Mitosis), 

322 (Meiosis), 

324 (Chromosomes) 
Daughter, 241 (Telophase), 

322 (Meiosis) 

Generative, 258 (Pollen) 

Male, 258 (I, Pollen), 

321 (Gametes), 323 (Gamete 

production, male) 

Tube, 258 (Pollination) 
Nuda, 340 (Ctenophora) 
Number(s), 

Atomic (Z), 82, 127, 164-165, 

212-213 
Avogadro’s, 96 (Mole), 113, 139 
Diploid, 240 (Mitosis), 

324 (Chromosomes) 
Haploid, 322 (Meiosis), 326 (I) 
Mass (A), 82, 127 
Neutron, 82 
(notation of), 109 
Oxidation, 149 
Pyramid of (ecology), 234 

Nut, 262 

Nutrients, 204 (I), 328 (I) 
Nylons, 201 

Nylon 66, 200 

Nymph, 277 


O 


Objective lens, 
(microscope), 54 
(telescope), 55 

Oblique muscles, 313 
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Octadecanoic acid 
(C,7H3s;COOH), 202 (Soap), 
205 

Octan-3-ol, 274 (4) 

Octane rating, 199 

Octet, 83 (Electron shells), 127 

Oddi, Sphincter of, 297, 

335 (CCK) 

Odontoid process, see 
Dens (vertebrae) 

Oesophagus, 294, 295 

Oestrogen, 334, 335 (FSH, LH) 

Ohm(Q), 62 (Resistance), 97 

Ohm’s law, 62 

Oil(s), 

Crude, see Petroleum 
Diesel, 199 
(food), 205 (Lipids) 
Fuel, 199 (Residue) 
Gas, see Diesel oil 
Lubricating, 199 
Olefins, see Alkenes 
Oleum, see 
Fuming sulphuric acid 
Olfactory area, Primary, 303 
Olfactory bulb, 307 
Olfactory cells, 307 (Nose) 
Olfactory hairs, 307 (Nose) 
Olfactory sensations, 307 (Nose) 
Omasum, 271 (Rumen) 
Ommatidia (sing. ommatidium), 
275 (Compound eye) 
Omnivores, 234 
Onychophora, 340 (Arthropoda), 
341 (Note 4) 
Ootid, 323 (Gamete production, 
female) 
Open system, 162 (Closed 
system) 
Operculum, 
(fish), 273 (Internal gills) 
(snails, etc), 265 
Ophiuroidea, 
341 (Echinodermata) 
Opposing pairs, see 
Antagonistic pairs 
Opposite (leaves), 250 
Optic, 313 
Optical centre (O), 52 
Optical density, 50 (Snell’s law) 
Optical fibres, 57 
Optical instruments, 54-55 
Optic disc, see Blind spot 
Optic nerve, 312, 313 
OR (logic gate/operation), 110, 111 
Oral cavity, 294 (Pharynx), 307 
Oral groove, 268 
Orbit (eye), 278, 312 (I), 313 
Orbit (satellite), Geo-stationary/ 
Parking, 19 
Orbital, 83 (Electron shells), 127 
Orders (classification), 338 (I) 
Ordering, 71 (Domain theory of 
magnetism) 
Order of magnitude, 109 
Ore, 345 
Chrome iron, 172 (Chromium) 
Organ(s), 238 (I), 264-265, 289 
Digestive, 270-271, 294-295 


Organ(s) (cont’d) 

Excretory, 273, 300-301 

Genital, 316 (I) 

Lymphatic/Lymphoid, 293 

Reproductive, 277 

Respiratory, 272-273, 298-299 

Sense, 274-275, 307 

Target, 334 (Hormones) 

Tympanal, 274 
Organelles, 239-240 
Organic acid, 150 
Organic chemistry, 190, 191-205 
Organic compounds, 190 (I), 

214-215 
Organic solvent, 345 
Organism, 238 (I) 

Organ of Corti, 374, 

315 (Cochlear duct) 

Origin (graphs), 98 
Orthorhombic sulphur, see 

Rhombic sulphur 
Oscillation(s), 16, 34 (1) 

Forced, 17 

Free/Natural, 17 
Oscilloscope, 

Cathode ray (CRO), 73, 81 
O-shell, 83 (Electron shells) 
Osmium (Os), 165, 173, 213 
Osmium tetroxide (OsO,), 

173 (Osmium) 

Osmosis, 327 
Osmotic pressure, 

327 (Osmosis) 

Osseous tissue, see Bone 
Ossicles (Ear/Auditory), 

314 (Middle ear) 
Ossification, 281 (Cartilage) 
Osteichthyes, 266 (Scales), 

269 (Swim bladder), 

341 (Chordata, Note 10) 
Osteoblasts, 280 (Periosteum) 
Osteocytes, 280 (Bone), 287 
Osteogenesis, see Ossification 
Ostwald process, 182 (Nitric 

acid) 

Otoliths, 315 (Saccule) 
Outer ear, 314 
Outer shell, 83 (Electron 

shells), 127 
Out of phase (waves), 38 (Phase) 
Output (computers), 111 
Ova (sing. ovum), 276, 

317 (Ovaries), 318 (Menstrual 

cycle), 321 (Gametes), 

323 (Gamete production, 

female), 335 (FSH) 

Oval window (ears), 374 
Ovarian cycle, 318 (Menstrual 
cycle) 
Ovarian follicles, 317, 335 (FSH, 
LH, Oestrogen) 
Ovarian ligaments, 317 
Ovaries, 
(humans), 317, 335 (Oestrogen) 
(plants), 257 
Overtones, 43 (Modes of 
vibration) 
Over water, 216 (Carbon dioxide, 
Ethene), 217 (Nitrogen) 


Oviduct, 277 

Oviparous, 276 

Ovipositor, 277 

Ovulation, 317 (Fallopian tubes), 
318 (Menstrual cycle), 
335 (LH) 

Ovules, 257 (Ovaries), 258 

Oxalic acid, see Ethanedioic acid 

Oxidation, 148-149, 332 (Aerobic 
respiration) 

Oxidation number, 149 

Oxidation state, 149 

Oxides, 183, 209 (Corrosion), 211 

Oxidizing agent, 148 

Oxonium ion, see 
Hydroxonium ion 

Oxygen (0/O,), 132, 149, 162, 165, 
170, 178, 182, 183, 204, 208, 
209, 211, 213, 214, 215, 217, 
218 (Gases), 254-255, 288- 
291, 298-299, 328, 331, 332 

Oxygenated, 290 (Atria) 

Oxygen debt, 332 

Oxygen process, Basic, 
174 (Steel) 

Oxytocin, 334 

Ozone (03), 183, 207, 210 


p 


Pacinian corpuscles, 311 
Pain receptors, 311 
Paired fins, 269 
Palate, 

Hard, 307 

Soft, 294 (Pharynx), 307 
Palatine tonsils, 293 (Tonsils) 
Palisade cells, 248 (Palisade 

layer) 

Palisade layer, 248 
Palladium (Pd), 112, 165, 173, 213 
Palmate, 250 
Palps,274 _ 
Pancreas, 286, 297 
Pancreatic amylase, 

336 (Pancreatic juice) 
Pancreatic duct, 296 (Pancreas) 
Pancreatic juice, 296 (Pancreas), 

334 (Secretin/PZ), 336 
Pancreatic lipase, 

336 (Pancreatic juice) 
Pancreatic vein, 289 
Pancreozymin, see PZ 
Pantothenic acid, 337 (Vitamin B 

complex) 

Paper capacitor, 59 

Paper chromatography, 227 

Papillae (sing. papilla), 307 

Paraffin, see Kerosene 

Paraffins, see Alkanes 

Paraffin waxes, see 
Hydrocarbon waxes 


Parallax, 47 

Parallax error, 102 

Parallel (components), 64 

Parallelogram rule, 108 

Paramagnetism, 72 

Paramecium, 268, 273 

Parapodia (sing. parapodium), 
268 


Parasites, 342 
Parasympathetic division 

(nervous system), 308 
Parathormone/Parathyrin, see 

PTH 
Parathyroid glands, 297, 

335 (PTH) 

Parathyroid hormone, see PTH 

Parazoa, 340 

Parenchyma, 243 (Cortex) 

Parent cell, 240 (Cell division) 

Parking orbit, see Geo- 

stationary orbit 

Parotid glands, 296 

Partial eclipse, 47 

Partial pressure(s), 143 
Dalton’s law of, 143 

Particle accelerators, 

86 (Radioisotope) 
Parturition, 319 (Pregnancy) 
Pascal (Pa), 24, 97 
Passage cells, 243 (Endodermis) 
Patella, 279, 280, 281 
Pathogenic, 338 (Schizophyta) 
Pauropoda, 340 (Arthropoda), 

341 (Note 5) 

P.E., see Potential energy 
Pea flower, 259 

Peaks (waves), see Crests 
Pectoral fins, 269 (Paired fins) 
Pectoralis muscles, 269 
Pedicles, 278 

Peduncle, 256 (Receptacle) 
Pelagic, 342 

Pelecypoda, see 

Lamellibranchiata 
Pelvic fins, 269 (Paired fins) 
Pelvic girdle, see Pelvis (skeleton) 
Pelvis, 

Renal (kidneys), 300 
(skeleton), 279 
Penis, 316, 319 (Copulation) 
Pent-1-ene (C;H,,), 193 
Pentane (C;H,.), 192 
Penumbra, 46 (Shadow) 
Pepsin, 336 (Gastric juice) 
Pepsinogen, 336 (Note 2) 
Peptidases, see Proteinases 
Peptide links, 328 (Proteins), 
336 (I) 
Percentage composition, 140 
Perennials, 236 
Herbaceous, 236 (Perennials) 
Woody, 236 (Perennials) 
Perfect machine, 20 
Perfoliate, 250 
Perianth, 256 
Pericardial cavity, 290 (1) 
Pericardial fluid, 290 (I) 
Pericardial sac, 290 (I) 
Pericardium, 290 (I) 


Pericarp, 262 (I) 
Periderm, 247 (New outer tissue) 
Perigynous flower, 257 
Perikaryon, see Cell body 
Perilymph, 314 (Inner ear) 
Perimysium, 282 
Perineurium, 306 
Period (element group), 164 
Long, 164 (Period) 
Short, 164 (Period) 
Period (T) (quantity), 16, 34, 97 
Natural, 17 (Natural oscillation) 
Periodic motion, 16-17 
Periodic table, 164-165 
Periodontal ligament, 284 (Root) 
Periosteum, 280 
Peripheral nervous system, 
304 (I), 306 (I) 
Peristalsis, 295 
Peritoneum, 265 (Coelom), 

294 (Alimentary canal) 
Perivisceral cavity, 265 (Body 

Cavities) 

Permanent dentition, 284 (I) 
Permanent hardness (water), 207 
Permanent magnets, 70 (Hard) 
Permanent teeth, 284 (I) 
Permeability, 73 
Peroxides, 149 (rule 4) 
Petals, 256 

Wing, 259 (Pea flower) 
Petiole, 248 
Petrol, see Gasoline 
Petroleum, 198-199, 208, 

209, 210 
Fractional distillation of, see 
Primary distillation 
PH, 152, 210 (Acid rain) 
Phaeophyta, 338 
Phagocytosis, 
268 (Pseudopodium) 
Phalanges (sing. phalanx), 279 
Pharyngeal tonsil, 293 (Tonsils) 
Pharynx, 294 
Phase (cardiac cycle), 
Diastole, 291 
Systole, 291 

Phase (cell division), 
(meiosis), 322-323 
(mitosis), 241 

Phase (substances), 120 
Stationary, 

221 (Chromatography) 
Phase (waves), 38, 

Phase difference, 38 (Phase) 
Phellem, 247 
Phelloderm, 247 
Phellogen, 247 
Phenolphthalein, 152 
Phenotypes, 325 
Phenylethene, see Styrene 
Pheromone, 275 
Phloem, 242, 243, 
246 (Secondary thickening), 
247 
Primary, 242 (Primary tissue) 
Secondary, 246 (Secondary 
thickening) 
Phons, 42 (Loudness) 





Phosphate groups, 324, 

333 (ADP) 

Phosphates, 210 (Eutrophication) 
Phosphorescence, 45 
Phosphoric acid (H,PO,), 

182 (Phosphorus pentoxide) 
Phosphorus (P), 165, 180, 

182, 213 

Red, 182 (Phosphorus), 213 
White, 182 (Phosphorus), 213 
Phosphorus pentoxide 

(P205), 182 
Phosphors, 

45 (Phosphorescence) 
Photocell, 345 
Photochemical reaction, 160 
Photoelectric cell, see Photocell 
Photomultiplier, 90 (Scintillation 

counter) 

Photons, 85 (Quantum theory) 
Photoperiodism, 251 
Photoperiods, 

251 (Photoperiodism) 
Photoreceptors, 313 (Retina) 
Photosynthesis, 204, 209, 254- 

255, 328 
Phototropism, 251 
Phycocyanin, 338 (Cyanophyta) 
Phyla (sing. phylum), 338 (I) 
Phylloquinone, see Vitamin K 
Physical change, 119 
Physical chemistry, 118, 119-163 
Physical properties, 119 
Physical quantities, 96 (1), 98-99 
Physical states, 4-5, 30-31, 

120-121 
Phytohormones, 334 (Hormones) 
Phytoplankton, 342 (Plankton) 
Pia mater, 303 (Meninges) 

Pig iron, 174 (Iron) 
Pigments, 255 
Piliferous layer, 244, 245 
Pineal gland/body, 29 
Pinion, 267 
Pinna, see Pinnae 
Pinnae (sing. pinna), 
(ears), 314 (Outer ear) 
(leaves), 250 (Pinnate) 
Pinnate, 250 
Pinocytosis, 327 
Pioneer community, 233 
Pipeclay triangle, 225 
Pipette(s), 225 
Dropping/Teat, 225 
Pisces, 341 (Note 10) 
Pistil, see Carpel 
Pistillate, 256 (I) 
Pitch, 
(mechanical), 21 (Screw jack) 
(sound), 42 
Pith, 243 
Pituitary gland/body, 297, 303, 

334 (Hormones), 335 
Pivot joint, 278 (Vertebrae) 
Placenta, 

(humans), 319, 335 (Oestrogen) 
(plants), 257 (Ovaries) 
Placentalia/Placental mammals, 
see Eutheria 
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Placoid scales, see Denticles 
Planck’s constant, 85 
Plane coil, see Flat coil 
Plane joints, see Gliding joints 
Plane mirror, 47 
Plankton, 270 (Filter-feeding), 
273 (Gill rakers), 342 
Plano-concave, 53 
Plano-convex, 53 
Plantigrade, 269 
Plant(s), 242-263, 338-339 (Plant 
Kingdom) 
Day-neutral, 
251 (Photoperiodism) 
Leguminous, 235 (Nitrogen 
fixation) 
Long-day, 
251 (Photoperiodism) 
Short-day, 
251 (Photoperiodism) 
Vascular, 242-243 
Woody, 246 (I) 
Plasma, 286 
Plasmalemma/Plasma 
membrane, see 
Cell membrane 
Plasmolysis, 253 
Plastic (quality), 22 (Elasticity) 
Plastic(s) (substances), 200 
Thermosetting, 200 (Plastics) 
Plastic deformation, 23 (Yield 
point) 
Plastic sulphur, 184 
Plastids, 238, 240 
Platelets, 286 
Platinum (Pt), 112, 165, 173, 782, 
213, 222 (Flame test) 
Platinum electrode, 158 
Platyhelminthes, 340, 341 (Notes 
2 and 3) 
Pleura, 298 
Pleural cavity, 298 (Pleura) 
Pleural fluid, 298 (Pleura) 
Pleural membrane, see Pleura 
Pleural sac, 298 (Pleura) 
Plexuses (Hair/Root hair), 311 
Plotting compass, 72 (Magnetic 
field lines) 
Plumage, 267 (Feathers) 
Plumbic compounds, see 
Lead(IV) compounds 
Plumbous compounds, see 
Lead(Il) compounds 
Plumule(s), 
(birds), see Down feathers 
(plants), 261 
Plutonium (Pu), 92 (Induced 
fission), 95 (Fast reactor), 
129, 164, 213 
Pnp transistor, 65, 110 
Pod, see Legume 
Poikilothermic, 
333 (Homeostasis) 
Point(s), 
Antinodal, see Antinodes 
Boiling, 30 (Vaporization), 37, 
121 (Boiling), 212, 213 
Compensation, 254 
End, 222 (Volumetric analysis) 


Point(s) (cont’d) 
Fixed (Lower, Upper), 26 
Focal, see Principal focus 
Freezing, 30 (Freezing), 
121 (Freezing) 
Growing (roots), 244, 245 
Ice, 26 (Fixed point) 
Melting, 30 (Melting), 37, 
120 (Melting), 212, 213 
Neutral, 72 
Nodal, see Nodes 
Steam, 26 (Fixed point) 
Triple, 96 (Kelvin) 
Yield, 23 
Point action, 57 
Point of incidence, 46, 50 
Polar bodies, 323 (Gamete 
production, female) 
Polar bond, 133 
Polarization (bonding), 133 (Polar 
bond) 
Polarization (cells), 68 
Polar molecule, 133 
Polar solvent, 144 
Pole(s) (magnets), 70 
Consequent, 77 
North/North seeking, 70 (Pole) 
South/South seeking, 70 (Pole) 
Pole(s) (mirrors), 48 
Pollen, 256 (Stamens), 258, 
323 (Gamete production, 
male) 
Pollen sacs, 256 (Stamens) 
Pollen tube, 258 (Pollination) 
Pollination, 258 
Cross, 259 
Self, 259 
Pollutants, 210 (I) 
Pollution, 210 
Thermal, 210 
Polonium (Po), 87, 165, 183, 213 
Poly((1-methoxycarbony)l)-1- 
methylethene), see Acrylic 
Polyamides, 201 
Polyatomic, 124 
Poly(chloroethene), see 
Polyvinyl chloride 
Polyesters, 201 
Polyester capacitor, 59 (Paper 
capacitor) 
Poly(ethene), see Polythene 
Poly(ethylene), see Polythene 
Polyhydric alcohols, 197 
Polymerization, 200 
Addition, 200 
Condensation, 200 
Polymers, 200-201 
Man-made, see 
Synthetic polymers 
Natural, 201, 204 (Starch), 
“205 (Proteins) 
Synthetic, 200 
Poly(methyimethacrylate), see 
Acrylic 
Polymorphism, 136 
Polypeptides, 205, 
328 (Proteins), 337 
Poly(phenylethene), see 
Polystyrene 


Poly(propene), 193 (Propene) 
Polypropylene, see 
Poly(propene) 
Polysaccharides, 
204 (Carbohydrates, 
Glucose, Starch), 337 
Polystyrene, 201 
Poly(tetrafluoroethene) (PTFE), 
186, 195 
Polythene, 193, 200, 201 
Polyunsaturated compounds, 191 
Polyvinyl chloride (PVC), 
194 (Ethyne), 200, 201 
Pome, 262 
Pons/Pons Varolii, 302, 303 
Pore, 371 
Gustatory, 307 
Porifera, 340 (Parazoa) 
Porous, 159 
Portal vein, Hepatic, 289, 
296 (Liver) 
Positive terminal, 159 (Cell) 
Positive tropism, 251 (I) 
Positrons, 86 (Beta particles), 
87 (Beta decay) 
Posterior cavity (eye), 
312 (Vitreous humour) 
Posterior lobe (pituitary 
gland), 297 
Postganglionic motor 
neuron, 309 
Potassium (K), 164, 168, 169, 211, 
213, 219 (Flame tests) 
Potassium bromide (KBr), 186 
Potassium carbonate 
(K2CO3), 169 
Potassium chloride (KCI), 169 
Potassium dichromate 
(K2Cr,07), 222 (Gravimetric 
analysis) 
Potassium hydroxide (KOH), 169 
Potassium iodide (KI), 155, 186, 
188 (lodine) 
Potassium nitrate (KNO3), 753, 
155, 169 
Potassium permanganate 
(KMn0O,), 196 
Potassium sulphate (K2SO,), 169 
Potential, 58, 106-107 
Electrode (E), 158 
Redox, 149 
Potential difference, 58, 97, 
106-107, 159 
Potential divider, 63 
Potential energy (P.E.), 8, 
106-107 
Elastic, 8 
Electromagnetic, 8 
Gravitational, 8 
Molecular, 8 
Nuclear, 9 
Potential gradient, 58 (Potential) 
Potentiometer, 63 (Variable 
resistor), 110 
Power (P), 9, 97 
(lens), 53 
Magnifying, see 
Angular magnification 
Power of hydrogen, see pH 








Power station, 67 

Nuclear, 94 (I) 
PR, see Lactogenic hormone 
Praseodymium (Pr), 164, 213 
Precipitate, 145 
Predators, 342 
Preferential discharge, 66 (lonic 

theory of electrolysis) 

Prefixes (units), 96 
Preganglionic motor neuron, 309 
Pregnancy, 319 
Premolars, 270 (Carnassial 

teeth), 285 
Preoptic area, 

333 (Homeostasis) 
Prepuce, see Foreskin 
Pressure, 24-25, 97, 142-143 

Atmospheric, 24, 

25 (Barometer), 113 
Dalton’s law of partial, 143 
Osmotic, 327 (Osmosis) 
Partial, 143 
Room, 139 (Molar volume) 
Root, 252 
Standard, 143 (s.t.p.) 
Turgor, 253 (Turgor) 

Wall, 25 (Turgor) 
Pressure law, 33, 142 
Pressurized water reactor 

(PWR), 95 
Prey, 342 (Predators) 
Priapulida, 

340 (Aschelminthes) 
Prides, 342 (Social) 
Primaries, see Primary feathers 
Primary alcohols, 196, 197 
Primary amines, 195 
Primary auditory area, 303 
Primary bronchi, 298, 

299 (Bronchi) 

Primary bud, 261 (Plumule) 

Primary cells, 69, 159 (Cell) 

Primary circuit, 78 

Primary coil, 79 

Primary colours, 55 

Primary consumers, 234 

Primary distillation, 198 

Primary feathers, 267 (Remiges) 

Primary gustatory area, 303 

Primary olfactory area, 303 

Primary phloem, 242 (Primary 
tissue) 

Primary root, 245 (Tap root), 

261 (Radicle) 

Primary sex characters, 
318 (Puberty) 
Primary tissue, 242 
Primary visual area, 303 
Primary xylem, 242 (Primary 
tissue) 
Prime mover, see Agonist 
Principal axis (reflection, 

refraction), 48, 52 
Principal focus (F), 48, 52 
Principle, Archimedes’, 25 
Principle, Gause’s, 

233 (Ecological niche) 
Principle, Le Chatelier’s, 163 
Principle of flotation, 25 


Principle of moments, 

15 (Rotational equilibrium) 

Principle of reversibility of light, 

49, 50 

Principle of superposition, 39 

Prism, 51 

Probability clouds, see Orbitals 

Proboscis, 270, 340 (Nemertea) 

Procarboxypeptidase, 

336 (Note 2) 

Process (chemical), 

Basic oxygen, 174 (Steel) 

Contact, 185 

Frasch, 184 

Haber, 180 

Ostwald, 182 (Nitric acid) 

Solvay, 169 (Sodium 
carbonate) 

Process(es) (vertebrae), 278 
Inferior articular, 278 
Odontoid, see Dens (vertebrae) 
Spinous, 278 
Superior articular, 278 
Transverse, 278 

Producer gas, 179 (Carbon 

monoxide) 

Producers, 234 

Products, 119 
Fission, 92 (Nuclear fission) 

Progesterone, 318 (Menstrual 

cycle), 334, 335 (LH) 

Progressive waves, 34 (I) 

Projection lens (slide 

projector), 54 

Prokaryota, 339 (Note 1) 

Prokaryotic, 339 (Note 1) 

Prolactin, see 

Lactogenic hormone 

Promethium (Pm), 164, 213 

Promotor, 161 

Proof plane, 57 

Propagation, 

Artificial, 263 
Vegetative, see Vegetative 
reproduction 

Propan-1-ol (C;H7OH), 196 

Propan-2-ol (CH,;CHOHCH.), 

196, 214 (4) 

Propanal (C,H;CHO), 196, 2715 

Propane (C3Hs,), 192, 274 

Propane-1,2,3-triol, 197, 202, 205 

Propanoic acid (C,H;COOH), 196 

Propanone (C3H,O), 194, 196, 215 

Propene (C3Hg), 193, 274 

Properties, 

Chemical, 119 
Molecular, 22-23 
Physical, 114, 119, 212-213 
Qualitative, 119 
Quantitative, 119 
Thermometric, 

26 (Thermometer) 

Prophase, 

(meiosis), 322 
(mitosis), 241 

Proportional, 345 
Inversely, 345 

Proportionality, 

Limit of, 22 (Hooke’s law), 23 


Proportional limit, see Limit of 
proportionality 
Prop roots, 245 
Propylene, see Propene 
Propyne (C3H,), 194, 274 
Prostate gland, 3/6 
Protactinium (Pa), 129, 164, 213 
Protection, 
(biology), 237 
Electrical/Sacrificial, 159 
Protective adaptations, 
237 (Adaptive radiation) 
Proteinases, 336 (I) 
Proteins, 204 (1), 205, 209, 
239 (Ribosomes), 328, 329, 
336, 337 
Catalytic, 328 (Proteins), 

331 (Enzymes) 

Structural, 328 (Proteins) 
Prothrombin, 287 (Clotting), 

337 (Vitamin K) 

Protista, 339 (Note 2) 
Protochordata/Protochordates, 

341 (Note 5) 

Protons, 82, 113, 126 
Protonema, 3217 
Protonephridia, 273 (Nephridia) 
Protoplasm, 238 

Prototheria, 341 (Chordata) 
Protozoa, 339 (Note 2), 340 
Proximal, 301 

Proximal convoluted tubule, 

301 (Uriniferous tubules) 
Pseudopodium (pl. 

pseudopodia), 268 
Pseudotracheae, 270 
P-shell, 83 (Electron shells) 
Psilophyta/Psilotales, 

339 (Charts 1 and 2) 
Pteridophyta/Pteridophytes, 

339 (Charts 1 and 2) 
Pterophyta, 339 (Chart 2) 
PTFE, see 

Poly(tetrafluoroethene) 
PTH, 334 
Ptyalin, see Salivary amylase 
P-type (semiconductor), 

65 (Doping) 

Puberty, 318, 335 (Oestrogen, 

Androgens) 

Pubic hair, 378 

Pubis, 279 (Pelvis) 
Pudendum, see Vulva 
Pulley system, 20, 21 
Pulmonary, 291 
Pulmonary arteries, 290, 

291 (Pulmonary trunk) 
Pulmonary trunk, 290, 291 
Pulmonary valve, 291 (Semilunar 

valves) 

Pulmonary veins, 290, 291 

Pulp, 284 (Pulp cavity) 

Pulp cavity, 284 

Pulse (Wulf) electroscope, 89 

Pupa (pl. pupae), 277 

Pupil, 372 (Iris) 

Pure, 123 

Purification, 207, 210 

PVC, see Polyvinyl chloride 373 








374 


PWR, see 
Pressurized water reactor 
Pycnogonida, 340 (Arthropoda) 
Pyloric sphincter/valve/Pylorus, 
294, 295 
Pyramidal (molecule), 133 
Pyramid of biomass 
(ecology), 234 
Pyramid of numbers 
(ecology), 234 
Pyramids (Renal/Medullary), 
300 (Medulla) 
Pyridoxine, 337 (Vitamin B 
complex) 
Pyrolusite (MnO,), 
172 (Manganese) 
Pyrrophyta, 338 
Pyruvic acid, 332 (Anaerobic 
respiration) 
PZ, 334 


Q 


Q-shell, 83 (Electron shells) 
Qualitative analysis, 218 (1), 

220 (I), 222 
Qualitative properties, 119 
Quanta (sing. quantum), 

85 (Quantum theory) 
Quantitative analysis, 220 (I), 222 
Quantitative properties, 119 
Quantities, 96-97, 113 

Basic, 96 
Derived, 97 
Physical, 96 (I), 98-99 
Vector, 108 
Scalar, 108 
Quantum theory, 85 
Quartz, 177 (Silicon dioxide) 
Quicklime, see Calcium oxide 
Quicksilver, see Mercury 


R 


Rachis, see Shaft (birds) 
Radar, 45 (Microwaves) 
Radial symmetry, 264 
Radiant heat energy, 
29 (Radiation) 
Radiation, 9, 29, 86-87, 128 (I) 
Background, 88 
Cosmic, 88 (Background 
radiation) 
Infra-red (IR), 44, 45 
Ultra-violet (UV), 44, 85 


Radicle, 261 

Radioactive decay, 87, 128 

Radioactive decay curve, 129 

Radioactive isotope, see 

Radioisotope 
Radioactive series, see 
Decay series 
Radioactive tracing, 91, 129 
Radioactivity, 86-87, 88-91, 128- 
129, 210 
Radiocarbon dating, 91, 129 
Radiograph, 
(gamma rays), 91 (Gamma 
radiography) 
(x-rays), 44 
Radiography, 
Gamma, 91 
(x-rays), 44 
Radioisotope, 86, 128 
Radiology, 91, 129 
Radiotherapy, 91, 
129 (Radiology) 

Radio waves, 44, 45 

Radium (Ra), 87, 129 (Half-life), 
164, 170, 213 

Radius (bone), 279, 282 

Radius of curvature (r), 48 

Radon (Rn), 165, 189, 213 

Radula, 270 

Random access memory (RAM) 

(computers), 111 (Memory) 

Range 
(force field), 6 
Sonic, 40 (i) 

Ranvier, Node of, 304 

Rapid combustion, 208 

Raptors, 342 (Predators) 

Rare earths, see Lanthanides 

Rarefactions (waves), 35 

Rare gases, see Noble gases 

Rate(s), 160-161, 345 
Basal metabolic, 

330 (Metabolic rate) 
Metabolic, 330 

Rate curve, 160 (Rate of reaction) 

Ratemeter, 89 (Geiger counter) 

Rates of reaction, 160-161 
Average, 160 
Initial, 160 
Instantaneous, 160 

Raw material, 345 

Ray(s), Astral, 247 

Ray(s) (fish), 269 (Fins) 

Ray(s) (light), 46 (I), 47-55 
Critical, 51 (Critical angle) 
Incident, 46, 50 
Reflected, 46 
Refracted, 50 

Ray(s) (particles/waves), 
Alpha (a-rays), 86 (I) 

Béta (B-rays), 86 (I) 
Cathode, 80-81 
Cosmic, 86 (Radioisotope), 

88 (Background radiation) 
Gamma (y-rays), 44, 85, 86, 128 
Réntgen, see X-rays 

Ray florets, 259 

Reactance (electrical), 64 . 

Reactants, 119 


Reaction(s) (chemical), 119, 146- 
149, 156-163, 166 
Addition, 193 
Backward, 162 
Condensation, 197 
Decomposition, 
330 (Catabolism) 
Endothermic, 147 
Enthalpy change of (AH), 146 
Esterification, 
197 (Condensation reaction) 
Exothermic, 147 
Forward, 162 
Heat of, see 
Enthalpy change of reaction 
Photochemical, 160 
Rates of, 160-161 
Reverse, see 
Backward reaction 
Reversible, 162-163 
Standard enthalpy change of 
(AH@), 146 
Substitution, 192 
Synthesis, 330 (Anabolism) 
Reaction(s) (force), 13 (Newton’s 
third law) 
Reaction(s) (nuclear), 85, 92 (1), 
94-95, 129 
Chain, 92 (Induced fission), 
129 (Nuclear fission) 
D-T, 93, 94(Fusion reactor) 
Thermonuclear, 93 (Nuclear 
fusion) 
Reactivity, 158-159 
Reactivity series, 158, 211 
Reactor, Nuclear, 94 (I) 
Advanced gas-cooled 
(AGR), 95 
Fast/Fast breeder (FBR), 95 
Fission, 94 
Fusion, 94 
Pressurized water (PWR), 95 
Thermal, 95 
Reading error, 103 
Read only memory (ROM) 
(computers), 111 (Memory) 
Reagent, 119 
Real cubic expansivity, 32, 33 
Real image, 49 (Image) 
Real is positive sign 
convention, 49 
Receptacle, 256 
Receptors, 305 (Sensory 
neurons), 307 
Pain, 311 
Recessive, 325 (Genes), 326 (Sex 
linkage) 
Reciprocal, 345 
Rectification (Full-wave, Half- 
wave), 65 
Rectilinear motion, see 
Linear motion 
Rectrices (sing. rectrix), 267 
Rectum, 294, 295 (Large 
intestine) 
Rectus muscles, 373 
Red blood cells/corpuscles, 286 
Red marrow, 281 (Bone marrow) 
Redox, 148 
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Redox potential, 149 
Redox series, 149 
Red phosphorus, 

- 182 (Phosphorus), 213 
Reducing agent, 148 
Reduction, 148-149 
Reduction division, see 

First meiotic division 
Refinery gas, 199 
Refining, 198 
Reflected ray, 46 
Reflected wave, 36 (Reflection) 
Reflection, 36, 46-49 

Angle of (r), 46 

Diffuse, 47 

Internal, 51 (Total internal 

reflection) 

Laws of, 46 

Regular, 46 

Total internal, 51 
Reflex (Cranial, Spinal), 

309 (Reflex actions) 

Reflex actions, 309 
Reflex arc, 309 (Reflex actions) 
Reflux condenser, 223 
Reforming, 198 
Refracted ray, 50 
Refracted wave, 37 (Refraction) 
Refraction, 37, 50-53, 312 (Lens) 

Angle of (r), 50 

Laws of, 50 
Refractive index (n), 37, 

50 (Snell’s law), 57 
Absolute, 37 (Refractive 
index), 50 
Refrigerant, 345 
Regular reflection, 46 
Regulating factors, 334 
Regulators, Growth, see 
Growth hormones 
Relative atomic mass, 83, 138, 
164-165, 212-213 
Relative density, 24 
Relative formula mass, see 
Relative molecular mass 
Relative isotopic mass, 138 
Relative molecular mass, 138 
Relative vapour density, 143 
Relative velocity, 11 
Relay, 75, 110 
Relay neurons, see 
Association neurons 
Releasing factor(s), 
334 (Regulating factors) 
FSH, see FSHRF 
LH, see LHRF 
Remiges (sing. remix), 267 
Renal, 300 
Renal arteries, 289, 300 (Kidneys) 
Renal corpuscles, 300, 307 
Renal cortex, see 
Cortex (kidneys) 
Renal medulla, see 
Medulla (kidneys) 
Renal pelvis, see Pelvis (kidneys) 
Renal pyramids, 300 (Medulla) 
Renal tubules, see 
Uriniferous tubules 
Renal veins, 289, 300 (Kidneys) 


Rennin, 336 (Gastric juice) 
Reprocessing plant, 94 
Reproduction, 320-323 

(animals), 276-277 

Asexual, 320 

(flowering plants), 256-259 

(humans), 316-319 

Sexual, 320 

Vegetative, 262 
Reproductive system, 316-317 
Reptilia/Reptiles, 266 (Scales), 

276 (Eggs), 341 (Chordata, 

Note 11) 

Residual magnetism, 70 (Soft) 
Residue, 199 
Resins, 345 
Natural, 345 (Resins) 
Synthetic, 345 (Resins) 
Resistance (R), 62, 97 
Internal (r), 63 
Resistance thermometer, 27 
Resistivity (p), 62, 112 
Resistor, 62, 110 
Carbon, 62 (Resistor) 
Light dependent (symbol 
for), 110 
Variable, 63, 110 
Resolution, 108 
Resonance, 17 
Respiration, 272-273, 298-299 
Aerobic, 332 
Anaerobic, 332 
Cellular, see 
Internal respiration 
External, 298 (I) 
Internal, 209, 

254 (Compensation points), 

255 (Photosynthesis), 298 (I), 

332 

Tissue, see Internal respiration 
Respiratory centre, 

299 (Breathing), 

303 (Medulla) 

Respiratory enzymes, 

331 (Enzymes) 
Respiratory system, 298-299 
Resultant (vector quantities), 

108 (Parallelogram rule) 
Resultant force, 6 
Resultant moment, 14 (Moment) 
Reticulum, Endoplasmic, 239 
Reticulum (stomach chamber), 

271 (Rumen) 

Retina, 313 

Retinol, see VitaminA 

Reverberation, 41 

Reverse biased, 65 (Diode) 

Reverse reaction, see 
Backward reaction 


Reversibility of light, Principle of, 


49, 50 
Reversible reactions, 162-163 
Rf value, 221 (Chromatography) 
Rhabdom, 275 (Compound eye) 
Rhenium (Re), 165, 172, 213 
Rheostat, 63 
Rhesus antigen, 287 (Rhesus 
factor) 
Rhesus factor (Rh factor), 287 


Rhesus negative, 287 (Rhesus 
factor) 
Rhesus positive, 287 (Rhesus 
factor) 
Rhizoids, 338 (Bryophyta) 
Rhizome, 263 
Rhizopoda, 341 (Note 1) 
Rhodophyta, 338 
Rhodopsin, 337 (Vitamin A) 
Rhodium (Rh), 165, 173, 782, 213 
Rhombic sulphur, 136, 184, 213 
Rhynchocoela, see Nemertea 
Rib(s), 278 (Rib cage), 279 
False, 278 (Rib cage) 
Floating, 278 (Rib cage) 
Rib cage, 278, 279 
Riboflavin, 337 (Vitamin B 
complex) 
Ribonucleic acid, see RNA 
Ribose, 324 
Ribosomal RNA, 
239 (Ribosomes) 
Ribosomes, 239 
Right-hand grip rule, 74 
Right-hand rule (Fleming’s), 78 
Right lymphatic duct, 292, 
293 (Lymph vessels) 
Rigid, 10 (I) 
Ring (atoms), 184, 190 (1) 
Benzene, 190 (Aromatic 
compounds) 
Ring main (circuit), 67 
Ripple tank, 36 
RNA, 239 (Ribosomes), 

324 (Nucleic acid) 
Messenger, 

239 (Ribosomes) 
Rsbosomal, 239 (Ribosomes) 
Transfer, 239 (Ribosomes) 

Rocket engine, 13 
Rock salt, 168 (Sodium), 
169 (Potassium) 
Rods, 313 (Retina) 
ROM, see Read only memory 
Rontgen rays, see X-rays 
Room temperature and 
pressure, see r.t.p. 
Root(s) (hairs), 377 
Root(s) (plants), 244-245 
Adventitious, 245 
Aerial, 245 
Fibrous, 245 
Lateral, 245 (Tap root) 
Primary, 245 (Tap root), 
261 (Radicle) 
Prop, 245 
Secondary, see Lateral roots 
Tap, 245 
Root(s) (spinal cord), 
Dorsal, 302 (Spinal cord), 303 
Motor, see Ventral root 
Sensory, see Dorsal root 
Ventral, 302 (Spinal cord), 303 
Root(s) (teeth), 284 
Root canals, 284 (Pulp cavity) 
Root cap, 244, 245 
Root hair(s), 244, 245 
Root hair plexuses, see 
Hair plexuses 375 


376 





Root mean square (value), 

61 (Alternating current) 
Root nodules, 235 (Nitrogen 

fixation) 

Root pressure, 252 
Rosette, 250 

Basal, 250 
Rotary switch, 64 
Rotation, see Rotational motion 
Rotational equilibrium, 15 
Rotational kinetic energy, 

9 (Kinetic energy) 
Rotational motion, 10 (I), 11 
Rotifera/Rotatoria, 

340 (Aschelminthes) 
Roughage, 204 (I), 329 
Rough ER, 239 (Endoplasmic 

reticulum) 
Round-bottomed flask, 224 
Rounding (figures), 103 
Round window (ears), 374 
r.t.p., 139 (Molar volume) 
Rubber, 201 (Natural polymers) 
Rubidium (Rb), 164, 168, 213 
Rugae (sing. ruga), 

295 (Stomach), 297 (Gall 

bladder), 300 (Bladder), 307 
Rule, 

Ampere’s swimming, 74 
Dynamo, see Fleming’s right- 
hand rule 
Fleming’s left-hand, 76 
Fleming’s right-hand, 78 
Maxwell’s screw, 74 
Motor, see Fleming’s left- 
hand rule 
Parallelogram, 108 
Right-hand grip, 74 
Rumen, 271 
Ruminants, 277 
Ruminate, 2717 
Runner, see Stolon 
Rust (Fe,03.xH,O), 174 
Rusting, 174 (Rust), 

209 (Corrosion) 
Ruthenium (Ru), 165, 173, 213 
Rutherford-Bohr atom, 82 


S 


Sac(s), 
Amniotic, 276 (Amnion), 319 
Embryo, 258 (Ovules), 323 
(Gamete production, female) 
Pericardial, 290 (I) 
Pleural, 298 (Pleura) 
Pollen, 256 (Stamens) 
Synovial, 281 
Yolk, 276 (Yolk) 
Saccharase, 336 (Intestinal juice) 
Saccule/Sacculus, 374, 315 
Sacral vertebrae, 279 





Sacrificial protection, 159 
Sacrum, 279 (Sacral vertebrae) 
Sal ammoniac, see 
Ammonium chloride 
Saliva, 336 
Salivary amylase, 336 (Saliva) 
Salivary glands, 296 (Digestive 
glands), 336 (Saliva) 
Salt(s), 153-155, 169 (Sodium 
chloride) 
Acid, 153 
Basic, 154 
Bile, 336 (Bile) 
Complex, 154 
Double, 154 
Normal, 153 
Rock, 168 (Sodium), 
169 (Potassium) 
Salt bridge, 758 
Saltpetre, see 
Potassium nitrate 
Chile, see Sodium nitrate 
Samara, 262 (Achene) 
Samarium (Sm), 164, 213 
Sand, 177 
Sap, Cell, 238 (Vacuoles), 
252 (Turgor) 
Saphenous veins, Great, 289 
Saponification, 202 (Soap) 
Saprophytes, 342 
Sapwood, 247 
Sarcodina, 340 (Protozoa), 
341 (Note 1) 
Sarcolemma, 282 
Saturated (magnet), 77 
Saturated (solution), 144 
Saturated compounds, 191 
Savannah (biome), 232 
Scalar quantity, 108 
Scala tympani, 374 
Scala vestibuli, 374 
Scale(s) (animals), 266 
Placoid, see Denticles 
Scale(s) (conifers), 
339 (Coniferales) 
Scale(s), Musical, 42 
Chromatic, 42 
Diatonic, 42 
Scale(s) (temperature), 
Absolute temperature, 27, 143 
Celsius, 27, 143 (Absolute 
temperature scale) 
Fahrenheit, 27 
Thermodynamic temperature, 
see Absolute 
temperature scale 
Scale, Vernier, 100 
Scale (water), 207 (Temporary 
hardness) 
Scale leaves, 262 (Bulb) 
Scaler, 89 (Geiger counter) 
Scan, 97 
Scandium (Sc), 164, 172, 213 
Scanner, 97 
Scanning, Ultrasound, 40, 
41 (Echo) 
Scaphopoda, 340 (Mollusca) 
Scapula, 279, 282 
Scavengers, 342 


Schizophyta/ 

Schizomycophyta, 338 
Schwann cells, 304 (Nerve fibres) 
Scintillation(s), 

45 (Phosphorescence), 

90 (Scintillation counter) 
Scintillation counter, 90 
Scintillation crystal, 

90 (Scintillation counter) 
Scion, 263 (Grafting) 

Sclera, 312 

Sclerites, 266 (Cuticle) 
Sclerospongiae, 340 (Porifera) 
Sclerotic coat, see Sclera 
Sclerotin, 266 (Cuticle) 
Screening, see Shielding 
Screw gauge, Micrometer, 101 
Screw jack, 21 

Screw rule, Maxwell’s, 74 
Scrotum, 316 (Testes) 

Scum, 207 

Scuta (sing. scute or 

scutum), 266 
Scutella (sing. scutellum), 267 
Scyphozoa, 340 (Coelenterata) 
Sea breeze, 28 
Sebaceous glands, 310 
Sebum, 310 (Sebaceous glands) 
Second (s), 96 
Secondaries, see 

Secondary feathers 
Secondary alcohols, 196, 197 
Secondary bronchi, 298, 

299 (Bronchi) 

Secondary bud, see Axillary bud 
Secondary cells, 69, 159 (Cell) 
Secondary circuit, 78 
Secondary coil, 79 

Secondary colours, 55 
Secondary consumers, 234 
Secondary cortex, 

247 (Phelloderm) 
Secondary feathers, 

267 (Remiges) 

Secondary phloem, 

246 (Secondary thickening) 
Secondary roots, see 

Lateral roots 
Secondary sex characters, 

318 (Puberty), 

335 (Oestrogen, Androgens) 
Secondary thickening, 246 
Secondary tissue, 246 (I) 
Secondary xylem, 

246 (Secondary thickening) 
Second meiotic division, 

322 (Meiosis), 323 
Second order consumers, see 

Secondary consumers 
Second order sensory 

neuron, 306 
Second polar body, 323 (Gamete 

production, female) | 
Secretin, 334 
Sedentary, 342 
Seeds, 260-261 
Seed crystal, 135 
Seed-leaf, see Cotyledon 
Seedling, 260 (Germination) 


Segmentation, 264 
Metameric, 

264 (Segmentation) 
Segments, 264 (Segmentation) 
Segregation, Law of, 326 
Selection, Natural, 237 (Adaptive 

radiation) 
Selectively-permeable, see 

Semipermeable 
Selenium (Se), 113, 165, 183, 213 
Self-demagnetization, 71 
Self-induction, 79 
Self pollination, 259 
Semen, 319 (Copulation) 
Semicircular canals, 374, 315 
Semicircular ducts, 374, 315 
Semiconductors, 65 
Semilunar valves, 291 
Seminal fluid, 319 (Copulation) 
Seminal vesicles, 376 
Seminiferous tubules, 

316 (Testes) 
Semipermeable, 327 
Sense organs, 307 
Sensitivity, 

(animals), 274-275 
(humans), 306 (I) 
(plants), 251 
Sensory areas, 302 (Brain), 303 
Sensory nerves, 306 (Nerves) 
Sensory neuron(s), 305, 
306 (Afferent system) 
First order, 306, 309 
Second order, 306 
Third order, 306 
Sensory root, see Dorsal root 
Sepals, 256 
Separating funnel, 224 
Series, 
Activity, see Reactivity series 
(components), 64 
Decay, 87 (Radioactive decay), 
129 
Electrochemical, 159 
Homologous, 191, 194-195 
Inner transition, 164-165, 173 (I) 
Radioactive, see Decay series 
Reactivity, 158, 211 
Redox, 149 
Transformation, see 

Decay series 
Serrate, 250 
Serum, 287 
Sessile, 248, 342 
Seta, see Setae 
Setae (sing. seta), 

(animals), 275 
(simple plants), 
321 (Sporophyta), 
338 (Bryophyta) 
Sex characters, 
Primary, 318 (Puberty) 
Secondary, 318 (Puberty), 

335 (Oestrogen, Androgens) 
Sex chromosomes, 325, 326 (Sex 

linkage) 

Sex hormones, 297 (Pineal 
gland), 334 (Oestrogen, 

Progesterone, Androgens) 
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Sex linkage, 326 
Sex-linked genes, 326 (Sex 
linkage) 
Sexual intercourse, see 
Copulation 
Sexual reproduction, 320 
(animals), 276 (1) 
(flowering plants), 258 (I) 
(humans), 318-319 
Shadow, 46 
Shaft, 
(feathers), 267 
(bones), see Diaphysis 
(hairs), 377 
Shell (body covering), 266 (I, 
Cuticle, Carapace) 
Shell, Electron, 83, 126 
Outer, 83 (Electron shells), 127 
Shield (nuclear reactor), 95 
Shielding (magnetism), 73 
Shinbone, see Tibia 
Shock wave, 40 
Shoot, 244 
Short-day plants, 
251 (Photoperiodism) 
Shortened structural 
formula, 140 
Short periods (element groups), 
164 (Period) 
Shoulderblade, see Scapula 
Shunt, 77 (Ammeter) 
Shutter (camera), 54 
Side chain (atoms), 190, 214 (h), 
215 (8) 
Sieve plates, 243 (Sieve tubes) 
Sieve tubes, 243 
Sign convention, 11 
Real is positive, 49 
Significant figures, 103 
Silica, see Silicon dioxide 
Silica gel, 221 (Desiccation), 
344 (Drying agent) 
Silicates, 177 
Silicon (Si), 113, 165, 177, 213 
Silicon dioxide (SiO.), 177 
Silicones, 177 
Silicon(IV) oxide, see 
Silicon dioxide 
Silk gland, 265 
Silver (Ag), 113, 1760, 165, 173, 
211, 213 
Silver bromide (AgBr), 
188 (Bromides) 
Silver chloride (AgCl), 145, 160 
Silver iodide (Agl), 188 (lodides) 
Silver nitrate (AgNO3), 145, 
218 (Anions) 
Simple barometer, 25 
Simple cell, 68 
Simple cubic (particle 
arrangement), 137 
Simple leaves, 248 (1) 
Simple microscope, 
54 (Microscope) 
Sine, 345 
Sinews, see Tendons 
Single bond, 132, 214 (a and 1) 
Single touch (magnets), 71 
Sintered, 70 (Ferromagnetic) 


Sinua(e@a), (07 
Biood, 116 (Pernia) 
Sinusoidal (wayeltornn), OF 
Siphon, 272 
Exhalant, 272 (Siphon) 
inhalant, ’05 (Mantle ein) 
272 (Siphon) 
Mantle, 765 
Siphonopoda, see 
Cephalopoda 
SI units, 96-97 
Basic, 96 
Derived, 97 
Skeletal muscles, 283, $0) 
Skeleton, 278-279 
Hydrostatic, 265 (Body 
cavities) 
Skin, 266 (I), 310-311 
Skull, see Cranium 
Slag, 174, 175 (Copper) 
Slaked lime, see 
Calcium hydroxide 
Slide callipers, Vernier, 100 
Slide projector, 54 
Sliding frictional force, see 
Dynamic frictional force 
Sliding joints, see 
Gliding joints 
Slime moulds, see 
Myxomycophyta 
Slow combustion, 208 
Small intestine, 294, 295 
Smog, 210 
Smoke, 145 
Smooth ER, 239 (Endoplasmic 
reticulum) 
Smooth muscle, 283 
Snell’s law, 50 
Soap, 202, 207 
Soapless detergents, 203 
Social, 342 
Sodium (Na), 82, 127, 131, 148, 
164, 168, 196, 207, 211, 213, 
219 (Flame tests) 
Sodium aluminate 
(NaAl(OH),), 157 
Sodium aluminium silicate, see 
Zeolite 
Sodium bicarbonate, see 
Sodiumhydrogencarbonate 
Sodium bromide (NaBr), 
188(Bromine) 
Sodium carbonate (Na,CQ,), 
169, 206, 217 
Sodium chlorate (NaCIO,), 187 
Sodium chlorate(!), see 
Sodium hypochlorite 
Sodium chlorate(V), see 
Sodium chlorate 
Sodium chloride (NaCl), 137, 133, 
141 (Trivial name), 145, 153, 
156, 169, 187 (Chlorine, 
Chlorides), 206, 344 
Sodium ethoxide 
(CH,CH,ONa), 196 
Sodium hydrogencarbonate 
(NaHCO,), 757, 169 
Sodium hydrogensulphate 
(NaHSO,), 153 377 
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Sodium hydroxide (NaOH), 757, 
154, 169, 202, 216 (Ethene), 
217, 219 (Cations) 

Sodium hypochlorite (NaOCl), 
187, 344 (Bleach) 

Sodium iodate (NalO,), 

188 (lodine) 

Sodium nitrate (NaNO), 145, 
169, 182 

Sodium nitrite (NaNO,), 182 

Sodium octadecanoate, 202 

Sodium stearate, 202, 207 

Sodium sulphate (Na2SO,), 
135, 154 

Sodium sulphite (Na,SO.,), 
185 (Sulphites) 

Soft (magnets), 70 

Softeners, Water, 207 

Softening, Water, 

207 (Permanent hardness) 
Soft palate, 294 (Pharynx), 307 
Soft water, 207 (Hard water) 
Solar eclipse, 47 (Eclipse) 
Solenocytes, see Flame cells 
Solenoid, 74 
Solidification, 120 
Solid state, 5, 120 
Solubility, 145 
Solubility curve, 145 (Solubility) 
Soluble, 145 
Solute, 144, 327 (I) 

Solution, 144 (I), 327 (1) 

Ammonia (NH,OH), 
181 (Ammonia), 218 (Anions), 
219 (Cations) 

Aqueous, 144 

Enthalpy change of/ 
Heat of, 147 

Molar, 139 

Non-aqueous, 144 

Standard, 139 

Solvation, 144 

Solvay process, 169 (Sodium 
carbonate) 

Solvent, 144, 327 (I) 

Aqueous, 144 
Non-aqueous, 144 
Non-polar, 144 
Organic, 345 
Polar, 144 

Solvent extraction, 221 

Somatic afferent system, 307 

Somatic efferent system, 308 

Somatotropic hormone/ 
Somatotropin, see STH 

Sonar, 41 (Echo) 

Sonic boom, 40 

Sonic range, 40 (I) 

Sonometer, 43 

Sound(s), 40-43 
Musical, 42-43 
Speed of, 40 
Sound waves, 40-43 
South/South seeking pole, 
70 (Pole) 
Spatula, 225 
Speaker, 76, 110 
Specialization, 237 (Adaptive 
radiation) 


Species, 338 (I) 

Specific gravity, see 
Relative density 

Specific heat capacity (c), 30, 112 

Specific latent heat (I), 30 

Specific latent heat of fusion, 31, 
112, 146 (Enthalpy change of 
reaction) 

Specific latent heat of 
vaporization, 31, 

146 (Enthalpy change of 
reaction) 

Spectator ion, 141 

Spectrometer, 54 (Colour) 

Mass, 138 (I), 222 (Mass 
spectroscopy) 

Spectroscopy, 

Mass, 222 
Nuclear magnetic resonance 
(n.m.r.), 222 
Spectrum, 345 
Electromagnetic, 44 
Nuclear magnetic resonance 
(n.m.r.), 222 
Visible light, 54 (Colour), 55 
Speed, 10 
Average, 10 (Speed) 
Instantaneous, 10 (Speed) 
Subsonic, 40 
Supersonic, 40 
Uniform, 10 (Speed) 
Speed of sound, 40 
Sperm, 276, 316 (Testes), 
319 (Copulation), 
321 (Gametes), 323 (I), 
335 (FSH) 

Spermatheca, 277 

Spermatids, 323 (Gamete 
production, male) 

Spermatophyta/ 
Spermatophytes, 339 (Charts 
1 and 2) 

Spermatozoa (sing. 
spermatozoon)/ 
Spermatozooids, see Sperm 

Sperm ducts, 316 

Sphenophyta, 339 (Chart 2) 

Spherical aberration, 49 

Sphincter, 294 

Anal, 295 (Large intestine) 
Cardiac, 294, 295 

External urinary, 

300 (Bladder), 307 

Gastroesophageal, see 

Cardiac sphincter 

Internal urinary, 

300 (Bladder), 307 
Pyloric, 294, 295 

Sphincter of Oddi, 297, 335 (CCK) 

Spinal canal, see Neural canal 

Spinal column, see 
Vertebral column 

Spinal cord, 302 

Spinal nerves, 302 (Spinal cord) 

Spinal reflexes, 309 (Reflex 
actions) 

Spindle (cell division), 

241 (Metaphase), 
322 (Metaphase) 


Spindle, Muscle, 283 
Spindie fibres (cell division), 
241 (Metaphase) 
Spine, 
(humans), see Vertebral column 
Neural, see Spinous process 
(plants), 249 
Spinous process, 278 
Spiracle, 272 
Spiral (leaves), 250 
Spleen, 293 
Splenic artery, 289 
Splenic vein, 289 
Spongy bone, 280, 281 (Bone) 
Spongy cells, 248 (Spongy layer) 
Spongy layer, 248 
Spontaneous fission, 92 
Sporangium, 320, 321 
Spores, 320 (Sporulation) 
Sporophyte, 321 (Alternation of 
generations) 
Sporozoa, 340 (Protozoa) 
Sporulation, 320 
Spring balance, 22 
Spring wood, 
246 (Annual rings) 
Spurred flower, 259 
Spurs, 259 (Spurred flower) 
Stable equilibrium, 15 
Stainless steel, 174 (Steel) 
Stamens, 256 
Staminate, 256 (I) 
Stand(s), 225 
Standard, 259 (Pea flower) 
Standard cell, 69 
Standard enthalpy change of 
reaction (AH%), 146 
Standard form (notation), 109 
Standard solution, 139 
Standard temperature and 
pressure, see s.t.p. 
Standing wave, see 
Stationary wave 
Stapes, 314 (Middle ear) 
Starch, 201 (Natural polymers), 
204, 329, 336 (Saliva), 
337 (Polysaccharides) 
Animal, see Glycogen 
State(s), Energy, 84 (i) 
Ground, 84 (I) 
State(s), Oxidation, 149 
State(s), Physical, 4-5, 30-31, 
120-121 
Changes of, 30, 120-121 
Equation of, see 
ideal gas equation 
Gaseous, 5, 120 
Liquid, 5, 120 
Solid, 5, 120 
States of matter, see 
Physical states 
State symbols, 141 
Static electricity, 56-57 
Static equilibrium, 
14 (Equilibrium) 
Static frictional force, see 
Limiting frictional force 
Stationary phase, 
221 (Chromatography) 


Stationary wave, 43 
Statocysts, 274 
Statoliths, 274 (Statocysts) 
Steam, Superheated, 342 
Steam generator, 94, 95 
Steam point, 26 (Fixed point) 
Stearic acid, see 
Octadecanoic acid 

Steel, 112, 174 

Stainless, 174 (Steel) 


Stem, 
Brain, 303 
(plants), 244 


Stemma, see Ocellus 
Stensen’s duct, 296 
Step-down transformer, 79 
Step-up transformer, 79 


.Stereochemical formula, 140, 


190 (Stereochemistry) 
Stereochemistry, 190 
Stereoisomers, 

190 (Isomers), 191 
Sternum, 269, 279 
STH, 334 
Stigma, see Stigmata 
Stigmata (sing. stigma), 

(animals), 272 (Spiracle) 
(flowers), 257, 258 (Pollination) 
Stipule, 249 
Stirrup, see Stapes 
Stock, 263 (Grafting) 
Stolon, 263 
Stomach, 294, 295 
Stomata (sing. stoma), 249 
Storage cell, see Secondary cell 
s.t.p., 143 
Straight chain (atoms), 190 
Straight wavefronts, 34 
Strain, 22 (Hooke’s law) 
Strain energy, see 

Elastic potential energy 
Strata (sing. stratum), 

310 (Epidermis) 

Stratum basale, 310 (Stratum 
germinativum) 
Stratum corneum, 310 
Stratum germinativum, 370 
Stratum granulosum, 310 
Stratum spinosum, 370 (Stratum 
germinativum) 
Stress, 22 (Hooke’s law) 
Breaking, 23 
Yield, 22 
Striated, 282 (Striated muscle) 
Striated muscle, 282 
Stridulation, 275 
Striped muscle, see 

Striated muscle 
Strong acid, 152 
Strong base, 152 
Strong electrolyte, 66, 156 
Strontium (Sr), 129, 164, 170, 213 
Structural formula, 

3-dimensional, see 

Stereochemical formula 

Full, see Displayed formula 
Shortened, 140 
Structural isomers, 
190 (Isomers), 191 


Structural proteins, 

328 (Proteins) 

Structure, Atomic, 82-83, 126-127 
Style (flowers), 257 

Styrene, 201 (Polystyrene) 
Subatomic particles, 82 (I), 126 (I) 
Sub-classes, 338 (I) 

Subclavian arteries, 289, 290 
Subclavian veins, 289, 290, 

293 (Lymph vessels) 
Subcritical mass, 93 (Critical 

mass) 
Subcutaneous, 

311 (Subcutaneous layer) 
Subcutaneous layer, 310, 377 
Suberin, 247 (Phellem) 
Suberization, 247 (Phellem) 
Sub-kingdoms, 338 (I) 
Sublimation, 31, 121 
Sublingual glands, 296 
Submandibular glands/ 

Submaxillary glands, 296 
Sub-phyla, 338 (I) 

Subsonic speed, 40 

Substitution reaction, 192 

Subtractive mixing, 55 (Colour 
mixing) 

Succession, Ecological, 233 

Successional community, 233 

Succus entericus, see 

Intestinal juice 
Sucrase, 336 (Intestinal juice) 
Sucrose (C,2H220,,), 204, 

336 (Intestinal juice), 

337 (Disaccharides) 
Sudoriferous glands, see 

Sweat glands 
Sulphate(IV) compounds, see 

Sulphites 
Sulphate(Vl) compounds/ 

Sulphates,:/54, 185, 

218 (Anions) 

Sulphides, 184 (I), 218 (Anions) 
Sulphites, 185, 218 (Anions) 
Sulphur (S), 127, 136, 148, 155, 

165, 183, 184, 213 

Alpha (a-sulphur), see 
Rhombic sulphur 
Beta (B-sulphur), see 
Monoclinic sulphur 
Flowers of, 184 
Monoclinic, 136, 184, 213 
Orthorhombic, see 
Rhombic sulphur 
Plastic, 184 
Rhombic, 136, 184, 213 
Sulphur(IV) oxide, see 

Sulphur dioxide 
Sulphur(Vl) oxide, see 

Sulphur trioxide 
Sulphur dioxide (SO.), 157, 185, 

210 (Smog, Acid rain) 
Sulphuric acid (H2SO,), 150, 154, 

155, 185, 210 (Acid rain), 216, 

217, 218 (Nitrate anion), 

219 (Calcium cation), 

344 (Dehydrating agent) 

Fuming (H2S.0,), 185 (Contact 
process) 


Sulphuric(IV) acid, see 
Sulphurous acid 
Sulphuric(Vl) acid, see 
Sulphuric acid 
Sulphurous acid (H2SO,), 
157, 185 
Sulphur trioxide (SO.), 185 
Summer wood, 246 (Annual 
rings) 
Superficial expansivity (B), 32 
Superficial fascia, see 
Subcutaneous layer 
Superheated (liquid), 90 (Bubble 
chamber) 
Superior (ovary), 
257 (Hypogynous flower, 
Perigynous flower) 
Superior articular 
processes, 278 
Superior mesenteric artery, 289 


‘Superior mesenteric vein, 289 


Superior vena cava, 290, 291 
Superposition, 39 (Principle of 
superposition) 
Supersaturated, 
(solution), 145 
(vapour), 90 (Cloud chamber) 
Supersonic speed, 40 
Suprarenal glands, see 
Adrenal glands 
Surface area, (measurement 
of), 101 
Surface catalyst, 161 
Surface density, 57 
Surface tension, 23 
Surfactants, 203 
Susceptibility, 71 
Suspension, 145 
Suspensory ligament, 312 (Lens) 
Sutures, 278 (Cranium) 
Sweat, 311 (Sweat glands) 
Sweat duct, 311 (Sweat glands) 
Sweat glands, 311 
Swim bladder, 269 
Swimming rule, Ampere’s, 74 
Switch, 64, 110 
Changeover, 64 
Double pole, 64 
Rotary, 64 
Symbionts, 342 
Symbiosis, 342 (Symbionts) 
Symbiotes, see Symbionts 
Symbol(s), 
Chemical, 122, 212-213, 
226-227 
(quantities and units), 96-97, 99, 
110, 113 
State, 141 
Symbol equation, 98 
Symmetry (Bilateral, Radial), 264 
Sympathetic division (nervous 
system), 308 
Symphyla, 340 (Arthropoda), 
341 (Note 5) 
Synapses, 305 
Synaptic cleft, 305 (Synapses) 
Synaptic knob, 305 
Synovial capsule, see 
Synovial sac 379 





380 


Synovial fluid, 


281 (Synovial sac) 


Synovial joints, 281 (Synovial 


sac) 


Synovial membrane, 


281 (Synovial sac) 


Synovial sac, 281 
Synthesis, 122, 330 (Anabolism) 


Direct, 155 


Synthesis reactions, 


330 (Anabolism) 


Synthetic detergents, see 


Soapless detergents 


Synthetic diamonds, 


178 (Diamond) 


Synthetic polymers, 200 
Synthetic resins, 345 (Resins) 
Syrinx (pl. syringes), 275 
System, 238 (I), 345 

System (chemistry), 


Closed, 162 
Open, 162 (Closed system) 


System(s) (human body), 


Afferent, 306-307 
Arterial, 288 (Arteries) 
Autonomic nervous, 

303 (Hypothalamus), 308 
Cardiovascular, 290 (I) 
Central nervous, 302-303 
Circulatory, 288-289 
Digestive, 294-295 
Efferent, 308-309 
Integumentary, 310 (I) 
Lymphatic, 293 
Nervous, 302-309 
Peripheral nervous, 304 (I), 

306 (I) 

Reproductive, 316-317 
Respiratory, 298-299 
Somatic afferent, 307 
Somatic efferent, 308 
Urinary, 300-301 
Vascular, see Circulatory 
system 
Venous, 288 (Veins) 
Visceral afferent, 307 
Visceral efferent, see Autonomic 
nervous system 


System(s) (physics), 


Deflection (oscilloscope), 87 
Pulley, 20, 21 


Systematic name, 141 
Systole phase, 291 (Cardiac 
cycle) 


+ 


Tactile, 306 

Tagma (pl. tagmata), 
264 (Segmentation) 
Tangent, 345 

Tannin, 255 (Pigments) 


Tantalum (Ta), 112, 165, 172, 213 
Tap funnel, 224 
Tap root, 245 
Target cells, 334 (Hormones) 
Target organs, 334 (Hormones) 
Tarnish, 345 
Tarsals, 279 
Tarsus, 279 (Tarsals) 
Taste buds, 307 (Tongue) 
Taxonomy, 338 (I) 
Classical, 338 (I) 
TCT, 334 
Tear glands, see 
Lachrymal glands 
Teat pipette, see 
Dropping pipette 
Technetium (Tc), 165, 173, 213 
Tectorial membrane, 3174, 
315 (Cochlear duct) 
Teeth, 284-285 
Baby, see Deciduous teeth 
Carnassial, 270 
Deciduous, 284 (I) 
Dog/Eye, see Canines 
Milk, see Deciduous teeth 
Permanent, 284 (I) 
Wisdom, 285 
Telescope, 55 
Television, 81 
Tellurium (Te), 112, 165, 183, 213 
Telophase, 
(meiosis), 323 
(mitosis), 241 
Telson, 274 
Temperate grassland 
(biome), 232 
Temperature, 26-27, 96, 142-143 
Critical, 5(Gas, Vapour), 
120 (Gaseous state) 
Room, 139 (Molar volume) 
Standard, 143 (s.t.p.) 
Transition, 136 
Temperature gradient, 
28 (Conductivity) 
Temperature scale, 
Absolute, 27, 143 
Celsius, 27, 143 (Absolute 
temperature scale) 
Fahrenheit, 27 
Thermodynamic, see 
Absolute temperature scale 
Temporary hardness (water), 207 
Temporary magnets, 70 (Soft) 
Tendons, 281 
Tendriil, 249 
Tension, Surface, 23 
Tension force, 7 
Tentacles, 270 (Cnidoblasts), 275 
Tentaculata, 340 (Ctenophora) 
Terbium (Tb), 165, 213 
Terminal(s), 60 (Electromotive 
force), 110, 159 (Cell) 
Terminal bronchioles, 
299 (Bronchioles) 
Terminal bud, 244 
Terminal velocity, 19 
Ternate, 250 
Territorial, 342 
Territory, 342 (Territorial) 


Tertiary alcohols, 197 
Tertiary bronchi, 298, 
299 (Bronchi) 
Tertiary consumers, 234 
Test(s), 218-219 
Boiling point, 221 
Flame, 219, 222 
Melting point, 221 
Testa, 261 
Testes (sing. testis)/Testicles, 

316, 378 
Testosterone, 334 (Androgens) 
Test tube, 225 
Test tube holder, 225 
Test tube rack, 225 
Tetraammine copper(II) sulphate 

((Cu(NH3)4)SO,), 154 
Tetrachloromethane (CCI,), 124, 

144, 193 
Tetrad, 322 (Prophase) 
Tetraethyl-lead (Pb(OC.H.),), 

199, 210 
Tetragonal (basic crystal 

shape), 136 
Tetrahedral (molecule), 133 
Tetravalent (covalency), 133 
Thalamus, 303 
Thallium (Tl), 165, 176, 213 
Thallophyta, 338 
Thallus, 338 (Algae) 

Theory, 
Bronsted-Lowry, 151 
Collision, 160 
Dalton’s atomic, 124 
Kinetic, 5, 123 
Quantum, 85 

Theory of electrolysis, 

lonic, 66, 156 
Theory of magnetism, 

Domain, 71 
Theria, 341 (Prototheria) 
Thermal dissociation, 

162 (Dissociation) 
Thermal energy, see 

Internal energy 
Thermal conduction, 28 
Thermal conductivity, 28, 112 
Thermal equilibrium, 28 (I) 
Thermal images, 45 (Infra-red 

radiation) 
Thermal pollution, 210 
Thermal reactor, 95 
Thermionic emission, 

80 (Electron gun) 
Thermistor, 27, 65 
Thermochemistry, 146 (I) 
Thermocouple, 27 
Thermodynamic temperature 

scale, see 

Absolute temperature 

scale 
Thermometer, 26, 225 

Clinical, 26 
Liquid-in-glass, 26 
Maximum, 27 
Minimum, 27 
Resistance, 27 

Thermometric property, 

26 (Thermometer) 








Thermonuclear reactions, 

93 (Nuclear fusion) 
Thermopile, 29 
Thermoplastics, 200 (Plastics) 
Thermosetting plastics, 

200 (Plastics) 

Thermostat, 32 
Thiamine, 337 (Vitamin B 
complex) 
Thighbone, see Femur 
Thigmotropism, see 

Haptotropism 
Third gas law, see Pressure law 
Third order consumers, see 

Tertiary consumers 
Third order sensory neuron, 306 
Thistle funnel, 224 
Thoracic duct, 292, 293 (Lymph 

vessels) 

Thoracic vertebrae, 279 
Thorax, 264 (Segmentation), 

278 (Rib cage) 

Thorium (Th), 87, 128, 129, 

164, 213 
Thread celis, see Cnidoblasts 
Thrombin, 287 (Clotting) 
Thrombocytes, see Platelets 
Thromboplastin, 287 (Clotting) 
Thulium (Tm), 165, 213 
Thymine, 324 
Thymus gland, 293 
Thyrocaicitonin, see TCT 
Thyroid gland, 297, 335 (TSH, 

Thyroxin, TCT) 
Thyroid-stimulating hormone/ 

Thyrotropin, see TSH 
Thyroxin, 188, 334, 335 (TSH) 
Tibia, 279, 280, 281 
Timbre, 43 (Modes of vibration) 
Time (t), 96 
Timebase (oscilloscope 

control), 87 
Tin (Sn), 112, 165, 177, 213 
Tincture of iodine, 188 
Tissue, 238 (I) 

Adipose, 310 (Subcutaneous 
layer) 

Connective, 280 

Erectile, 316 (Penis), 317 (Vulva) 

Lymphatic/Lymphoid, 

293 (Lymphoid organs) 
Osseous, see Bone (tissue) 
Primary (plant), 242 
Secondary (plant), 246 (I) 
Vascular (plant), 242 

Tissue fluid, 292 
Tissue respiration, see 

Internal respiration 
Titanium (Ti), 165, 172, 213 
Titration, 222 (Volumetric 

analysis) 

Titre, 222 (Volumetric analysis) 
Tocopherol, see Vitamin E 
Tongs, 225 
Tongue, 293, 307 
Tonsil(s), 293 
Lingual, 293 (Tonsils) 
Palatine, 293 (Tonsils) 
Pharyngeal, 293 (Tonsils) 


Top pan balances, 225 

Toppling, 15 

Torque, see Moment 

Torricellian vacuum, 25 

Total eclipse, 47 

Total internal reflection, 51 

Toxic, 210 

Trabeculae (sing. trabecula), 280, 
281 (Bone) 

Trace elements, 204 (I), 

329 (Minerals) 

Tracer, 129 (Radioactive tracing), 

319 (Radioactive tracing) 
Trachea, see Tracheae 
Tracheae (sing. trachea), 

(animals), 272 

(humans), 298 

(plants), see Vessels 
Tracheoles, 272 (Tracheae) 
Tracheophyta/Tracheophytes, 

339 (Charts 1 and 2) 
Tracing, Radioactive, 129, 91 
Traditional name, 141 
Trait, 325 (Genes) 

Trans but-2-ene, 197 

Transfer RNA, 239 (Ribosomes) 

Transformation, 
(atomic/nuclear), 85 
(energy), see Conversion 

Transformation series, see 

Decay series 

Transformer(s), 79, 110 
Step-down, 79 
Step-up, 79 
Transistor(s), 65, 111 
Field effect (symbol for), 110 
Npn, 65, 110 
Pnp, 65, 110 
Transition (atomic/nuclear), 85 
Transition metals, 165, 172-175 
Transition series, Inner, 164-165, 

173 (I) 

Transition temperature, 136 
Translation, see 

Translational motion 
Translational kinetic energy, 

9 (Kinetic energy) 
Translational motion, 10 (I) 
Translocation, 252 (I) 
Transmutation, see 

Transformation (atomic/ 

nuclear) 

Transpiration, 206, 252 
Transpiration stream, 252 
Transverse processes, 278 
Transverse waves, 34 
Travelling waves, see 

Progressive waves 
Trematoda/Trematodes, 

341 (Note 3) 
Trends, 166 (I) 
Triagonal (molecule), 133 
Triatomic, 124 
Triaxonida, see Hexactinellida 
Tribasic, 153 
Triceps, 282 
Triclinic (basic crystal shape), 136 
Tricuspid valve, 

291 (Atrioventricular valves) 


Trifoliate, 250 
Trigonal planar (molecule), see 
Triagonal 
Trimer, 125 
Triol, 197 
Triple bond, 132, 214 (c and 3) 
Triple point, 96 (Kelvin) 
Tripod, 225 
Tritiated water, 170 
Tritium (T), 93, 94 (Fusion 
reactor), 167 
Trivalent, 
(covalency) 133 
(electrovalency), 137 
Triviai name, 141 
tRNA, see. Transfer RNA 
Trophic level, 234 
Tropic hormones, 297 (Pituitary 
gland) 
Tropical forest (biome), 232 
Tropism (Negative, Positive), 251 (I) 
Trough (equipment), 225 
Troughs (waves), 34 
True fruit, 262 (I) 
True weightlessness, 19 
Truth tables, 111 
Trypsin, 336 (Pancreatic juice) 
Trypsinogen, 336 (Note 2) 
TSH, 334 
Tube(s) (biology), 
Eustachian/Auditory, 314 
Fallopian, 3717, 
319 (Fertilization) 
Pollen, 258 (Pollination) 
Sieve, 243 
Uterine, see Fallopian tubes 
Tube(s) (chemistry/physics), 
Boiling, 225 
Capillary, 23, 24, 26 (Liquid-in- 
glass thermometer) 
Delivery, 223 
Discharge, 80 
Electron, 80 (I) 
Fluorescent, 80 (Discharge 
tube) 
Geiger-Miiller, 89 (Geiger 
counter) 
Ignition, 225 
Maltese cross, 80 
Test, 225 
X-ray, 81 
Tube feet, 264 
Tube nucleus, 258 (Pollination) 
Tuber, 263 
Tubular reabsorption, 301 
Tubular secretion, 301 
Tubule(s), 
Collecting, see 

Collecting duct 
Distal convoluted, 

301 (Uriniferous tubules) 
Malpighian, 265 (Haemocoel), 

273 
Proximal convoluted, 

301 (Uriniferous tubules) 
Renal, see Uriniferous tubules 
Seminiferous, 316 (Testes) 
Uriniferous, 301, 335 (ADH, 

Aldosterone) 381 
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Tundra (biome), 232 
Tungsten (W), 112, 165, 172, 213 
Tunicata, see Urochordata 
Turbellaria, 

340 (Platyheiminthes) 
Turbine, 94 
Turgid, 253 (Turgor) 
Turgor, 253 
Turgor pressure, 253 (Turgor) 
Turning forces, 14-15 
Turns ratio, 79 


Tympanal organs/Tympani (sing. 


tympanum), 274 
Tympanic canal, see 
Scala tympani 
Tympanic cavity, see 
Middle ear 
Tympanic membrane, see 
Eardrum 


U 


Uina, 279, 282 
Ultra-violet radiation (UV 

radiation), 44, 85 
Ultrasonic waves, 

40 (Ultrasound) 
Ultrasound, 40 
Ultrasound scanning, 40, 

41 (Echo) 

Umbellifer, 259 

Umbels, 259 (Umbellifer) 
Umbilical cord, 319 

Umbra, 46 (Shadow) 
Unguligrade, 269 

Unicellular, 238 (I) 

Unified atomic mass units (u), 

83 (Relative atomic mass) 
Uniform acceleration, 

11 (Acceleration) 

Uniform circular motion, 

17 (Circular motion) 
Uniform speed, 10 (Speed) 
Uniform velocity, 10 (Velocity) 
Uniramia, 340 (Arthropoda) 
Units, 

International system/SI 

(Basic, Derived), 96-97 

Unified atomic mass (u), 

83 (Relative atomic mass) 
Univalves, 340 (Gastropoda) 
Universal indicator, 152 
Unsaturated compounds, 191 
Unstable equilibrium, 15 
Upper fixed point, 26 (Fixed 

point) 

Upper motor neuron, 308, 309 
Upthrust, 25 
Upward displacement of air, 
216 (Chlorine), 
217 (Oxygen) 
Uracil, 324 


Uranium (U), 92 (Induced fission), 
94 (Fission reactor), 
95 (Thermal reactor, Fast 
reactor), 128, 129, 164, 213 
Urea, 301 
Ureters, 300, 307, 316 
Urethra, 300, 301, 316, 319 
Urethral orifice, 307, 317 
Urinary bladder, see Bladder 
Urinary sphincters (External, 
Internal), 300 (Bladder), 307 
Urinary system, 300-301 
Urination, 301 (Urethra) 
Urine, 301 
Uriniferous tubules, 301, 
335 (ADH, Aldosterone) 
Urochordata, 341 (Chordata, 
Note 6) 
Uropygial gland, 
267 (Uropygium) 
Uropygium, 267 
Useless load, 20 
Uterine tubes, see 
Fallopian tubes 
Uterus, 317, 318 (Menstrual 
cycle), 335 (LH, Oxytocin, 
Oestrogen) 
Utricle/Utriculus, 314, 315 
UV radiation, see 
Ultraviolet radiation 


V 


Vacuole(s), 238, 239, 
327 (Pinocytosis) 
Contractile, 268, 273 
Food, 268 — 
Vacuum flask, 29 
Vagina, 317, 319 (Copulation) 
Vaginal orifice, 317 
Valency, see Covalency/ 
Electrovalency 
Valency electron, 130 
Valve(s), 
Aortic, 291 (Semilunar valves) 
Atrioventricular/AV, 291 
Bicuspid, 291 (Atrioventricular 
valves) 
Mitral, 291 (Atrioventricular 
valves) 
Pulmonary, 291 (Semilunar 
valves) 
Pyloric, see Pyloric sphincter 
Semilunar, 291 
Tricuspid, 291 (Atrioventricular 
valves) 
Vanadium (V), 165, 172, 213 
Vanadium pentoxide (V20.), 
172 (Vanadium), 185 (Contact 
process) 
Van de Graaff generator, 57 
Van der Waals’ forces, 134 


Vane (feathers), 267 
Vaporization, 30, 121 
Molar enthalpy change of/ 
Molar heat of, 146 (Enthalpy 
change of reaction), 147 
Specific latent heat of, 31, 
146 (Enthalpy change of 
reaction) 
Vapour, 5, 120 (Gaseous state) 
Vapour density, Relative, 143 
Variable(s), 345 
Dependent, 98 
Independent, 98 
Variable capacitor, 59, 110 
Variable resistor, 63, 110 
Vascular bundles, 242 (Vascular 
tissue) 
Vascular cylinder, 246 
Vascular plants, 242-243 
Vascular system, see 
Circulatory system 
Vascular tissue, 242 
Vas deferens (pl. vasa 
deferentia), see Sperm ducts 
Vasopressin, see ADH 
Vater, Ampulla of, 297 
Vector quantity, 108 
Vegetative reproduction/ 
propagation, 262 
Vein(s) (blood vessels), 288 
Brachial, 289 
Brachiocephalic, 290 
Cephalic, 289 
Common iliac, 290 
External jugular, 290 
Femoral, 289 
Gastric, 289 
Gonadal, 289 
Great saphenous, 289 
Hepatic, 289 
Hepatic portal, 289, 296 (Liver) 
Inferior mesenteric, 289 
Internal jugular, 290 
Pancreatic, 289 
Pulmonary, 290, 291 
Renal, 289, 300 (Kidneys) 
Splenic, 289 
Subclavian, 289, 290, 
293 (Lymph vessels) 
Superior mesenteric, 289 
Vein(s) (leaves), 248 
Velocity (v), 10, 97 
Angular, 17 
Average, 10 (Velocity) 
Escape, 19 
Instantaneous, 10 (Velocity) 
Relative, 11 
Terminal, 19 
Uniform, 11 (Velocity) 
Wave, 35 
Velocity profiles, 23 
Velocity ratio (V.R.), 20 
Vena cava (pl. vena cavae), 
Inferior, 289, 290, 291 
Superior, 290, 291 
Venation (leaves), 248 
Venous system, 288 (Veins) 
Ventilation, 298 (I) 
Ventral, 269 


Ventral fin, 269 
Ventral root, 302 (Spinal cord) 
Ventricles, 
(brain), 303 
(heart), 290 
Venules, 288 (Veins) 
Vernier scale, 100 
Vernier slide callipers, 100 
Vertebrae (sing. vertebra), 278, 
279, 302 
Cervical, 279 
Coccygeal, 279 (Coccyx) 
Lumbar, 279 
Sacral, 279 
Thoracic, 279 
Vertebral canal, see Neural canal 
Vertebral column, 278, 279 
Vertebral foramen, 

278 (Vertebrae) 
Vertebrata/Vertebrates, 

265 (Coelom), 

277 (Spermatheca), 

341 (Craniata, Notes 7 and 8) 
Vessels, 

Biood, 288 (I) 

Lymphatic/Lymph, 293 

(plants), 243 
Vestibular canal, see 

Scala vestibuli 
Vestibule, 374 
Vestigial, 295 (Appendix) 
Vibration, 

Modes of, 43 
Vibrational kinetic energy, 

9 (Kinetic energy) 
Vibrissae (sing. vibrissa), 275 
Villi (Sing. villus), 295 (Small 

intestine) 

Chorionic, 319 
Vinyl chloride (CH2,CHCI), 200 
Virtual image, 49 (Image) 
Viscera, 278 (I) 
Visceral afferent system, 307 
Visceral efferent system, see 

Autonomic nervous system 
Visceral muscle(s), 283 
Visceral muscle (tissue), see 

Smooth muscle 
Viscosity, 23 
Visible light, 45, 54-55 (Colour) 
Visible light spectrum, 

54 (Colour), 55 
Visual, 313 
Visual angle, 55 
Visual area, Primary, 303 
Visual association area, 303 


| Vitamin(s), 204 (I), 205, 328 (I), 


3297337 
Vitamin A, 337 
Vitamin B complex, 337 
Vitamin C, 205, 337 
Vitamin D, 310 (), 337 
Vitamin E, 337 
Vitamin H, see Biotin 
Vitamin K, 337 
Vitreous humour, 372 
Viviparous, 276 
Vocal cords, 298 (Larynx) 
Volatile, 345 


Volkmann’s canals, 287 
Volt(s) (V), 58 (Potential 
difference), 97, 159 (Potential 
difference) 
Electron (eV), 85 
Megaelectron (MeV), 85 
Voltage, see 
Potential difference 
Voltage divider, see 
Potential divider 
Voltaic cell, 68 (I) 
Voltaic pile, 68 
Voltameter, 67, 157 
Copper, 67 (Voltameter) 
Hoffmann, 67 
Voltmeter, 77, 110, 158, 

159 (Potential difference) 
Volume (V), 33, 97, 139 (Molar 
volume), 142-143, 345 

(measurement of), 101 
Molar, 139 
Volume expansivity, see 
Cubic expansivity 
Volumetric flask, 224 
Voluntary actions, 308 
Voluntary muscles, 282 (I), 
283 (Skeletal muscles) 
V-shaped (molecule), 133 
Vulcanization, 201, 345 
Vulva, 317 
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Wall pressure, 253 (Turgor) 
Wandering macrophages, 
286 (White blood cells) 
Washing powders, 203 
Biological, 203 (Washing 
powders) 
Washing soda (Na,CO,.10H.,0), 
169 (Sodium carbonate), 207 
Watch glass, 225 
Water (HO), 112, 113, 133, 134, 
138, 144 (Solvation), 150, 151, 
154, 155, 167, 182, 185, 206- 
207, 209, 211, 216-217, 218, 
251 (Hydrotropism), 252-253, 
254- 255 (Photosynthesis), 
273 (Contractile vacuoles), 
327 
Atmospheric, 206 
Bromine, 74 (Bromine) 
Distilled, 207 
Hard, 207 
Heavy, see Deuterium oxide 
Soft, 207 (Hard water) 
Tritiated, 170 
Water cycle, 206 
Water gas, 179 (Carbon 
monoxide) 
Water of crystallization, 135 
Water softeners, 207 


Water softening, 207 (Permanent 
hardness) 
Water supply, 207 
Watt (W), 9 (Power), 97 
Wave(s), 34-55 
Acoustic, see Sound waves 
Coherent, 38 (I) 
Electromagnetic, 34 (I), 44-45 
Incident, 36 
Infrasonic, 40 (Infrasound) 
Longitudinal, 35 
Mechanical, 34 (I) 
Progressive, 34 (I) 
Radio, 44, 45 
Reflected, 36 (Reflection) 
Refracted, 37 (Refraction) 
Shock, 40 
Sound, 40-43 
Standing/Stationary, 43 
Transverse, 34 
Travelling, see 
Progressive waves 
Ultrasonic, 40 (Ultrasound) 
Wavebands, 44 (Electromagnetic 
spectrum) 
Wave energy, 9 
Wavefront(s), 34 
Circular, 34 
Incident, 36 (Incident wave) 
Straight, 34 
Wave intensity, 35 
Wave interference, 38-39 
Wavelength, 34 
Wave motion, 34 (I) 
Wave velocity, 35 
Waxes, 205 (Lipids) 
Hydrocarbon/Paraffin, 199 
Weak acid, 152 
Weak base, 152 
Weak electrolyte, 66, 156 
Weight, 18 
Atomic, see 
Relative atomic mass 
Formula/Molecular, see 
Relative molecular mass 
Weightlessness (Apparent, 
True), 19 
Whalebone, 270 (Filter-feeding) 
Wharton’s duct, 296 
Wheatstone bridge, 63 
Whiskers, see Vibrissae 
White blood cells/ 
corpuscles, 286 
White matter, 303 (Neuroglia) 
White phosphorus, 
182 (Phosphorus), 213 
Whorl, see Rosette 
Wilson cloud chamber, 90 
Wilting, 253 
Windpipe, see 
Trachea (humans) 
Wing(s), 267, 269 
Bastard, 269 
Wing petals, 259 (Pea flower) 
Wires (symbols for), 110 
Wirsung, Duct of, see 
Pancreatic duct 
Wisdom teeth, 285 
Womb, see Uterus 383 





Wood, 208, 246 (Secondary 
thickening) 
Spring/Early, 246 (Annual 
rings) 
Summer/Late, 246 (Annual 
rings) 
Woody perennials, 
236 (Perennials) 
Woody pliant, 246 (I) 
Word equation, 98, 141 
Work, 8 (I), 97 
Wrought iron, 112, 174 (Iron) 


X 


Xanthophyli, 255 (Pigments), 
338 (Xanthophyta) 
Xanthophyta, 338 
X-axis (graphs), 98 
X chromosomes, 325 (Sex 
chromosomes), 326 (Sex 
linkage) 
Xenon (Xe), 129, 165, 189, 213 
Xenon tetrafluoride (XeF,), 
189 (Xenon) 
Xerophytes, 342 
X-intercept (graphs), 98 
X-plates (oscilloscope), 
’ 81 (Deflection system) 
X-radiography, 44 
X-rays, 44, 85 
X-ray crystallography, 136 
X-ray tube, 81 
X-shift (oscilloscope control), 87 
Xylem, 242, 243, 246 (Secondary 
thickening), 247, 252 
Primary, 242 (Primary tissue) 
Secondary, 246 (Secondary 
thickening) 


Y 


Y-axis (graphs), 98 

Yeast, 197 (Alcoholic 
fermentation) 

Y chromosomes, 325 (Sex 
chromosomes), 326 (Sex 
linkage) 

Yellow marrow, 281 (Bone 
marrow) 

Yellowspot, see Macula lutea 

Yield point, 23 

Yield stress, 22 (Elastic limit) 

Yield value, 23 (Yield point) 

Y-intercept (graphs), 98 

Yolk, 276 

Yolk sac, 276 (Yolk) 

Young’s modulus, 22, 112 

Young’s slits, 38 

Y-plates (oscilloscope), 

81 (Deflection system) 
Y-shift (oscilloscope control), 87 
Ytterbium (Yb), 165, 213 
Yttrium (Y), 164, 172, 213 


Zz 


Zeolite, 207 (lon exchange) 
Zero error, 102 
Zinc (Zn), 112, 137, 155, 159, 165, 

173, 175, 211, 213, 

217 (Hydrogen), 219 (Cations) 
Zinc blende (ZnS), 175 (Zinc) 
Zinc chloride (ZnCl,), 217 

Basic, (ZN(OH)Cl), 154 
Zinc hydroxide (Zn(OH).), 
151 (Amphoteric) 


Zincite (ZnO), 175 (Zinc) 

Zinc oxide (ZnO), 175 (Zinc) 

Zinc sulphate (ZnSO,), 155, 
158, 159 

Zirconium (Zr), 165, 172, 213 

Zona pellucida, 319 (Fertilization) 

Zone of elongation, 244, 245 

Zooplankton, 342 (Plankton) 

Zygomorphy, 264 (Bilateral 
symmetry) 

Zygote, 258 (Fertilization), 
319 (Fertilization), 321 

Zymase, 197 (Alcoholic 
fermentation) 
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This book is a densely illustrated subject guide to the three 
main branches of science: physics, chemistry and biology. It 
contains all the key terms and concepts, and is arranged 
thematically, so that the words are explained in the context of 
related terms. In addition, all the definitions are easily 
accessible using the fully integrated system of cross- 
referencing within and between the three main sections, and 
the comprehensive index at the back of the book. The 
definitions are written in clear and simple language and are 
supported by accurate pictures and diagrams. The book has 
been prepared with meticulous attention to detail and in close 
co-operation with a number of experts, to ensure its complete 
reliability as a reference book and revision aid. 
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The material in this book is 
also available in three separate books: 


The Usborne Illustrated Dictionary of Physics 
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The Usborne Illustrated Dictionary of Biology 
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